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LIFTS UP FOR DIFFUSER 
MAINTENANCE 


Individual Swing Diffusers can be 


lifted out of tank without interrupting 
eperation, eliminating stand-by aera- 
tion tanks. Precision Diffuser tubes are 
quickly and simply cleaned to new 
condition to achieve maximum diffu- 
sion with low head loss. 


Chicago Swing Diffusers offer all 
sizes of treatment plants—both in- 
dustrial and municipal—the advan- 
tages of air diffusing apparatus that 
is always in operation at maximum 
efficiency. 


Now used in 
more than 


300 Plants! 





more efficient 
in operation, 
easier to maintain. .> 


ej 


for Sewage and Waste 


AERATION 


BOOST AERATION CAPACITY AT OLDER PLANTS, 
BRING HIGHEST EFFICIENCY TO NEW 

Wide Band Diffusion provided by Chicago Swing Dif- 
fusers in many cases doubles the aeration capacity of 
previously used plate diffusion systems. For example, 
the Columbus, Ohio Sewage Treatment Plant was able 
to treat only 37 M.G.D. with their old diffuser plate 
system. After changing to Swing Diffusers, aeration ca- 
pacity was doubled without increasing the amount of 
air used or the volume of the aeration tanks, In both 
old and new plants, Swing Diffusers assure maximum 
oxygenation. 


FLEXIBLE AIR DISTRIBUTION 


Individual Diffusers can be simply adjusted to balance 
air supply with oxygen demand for effective process 
control. 


Complete Operating Histories and Descriptive Bulletin 
Available on Request 











FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 





DIRECTORS 


Alabama: J. L. Crockett, Jr. (1957) 
Arizona: Joun A. CaRoLio (1958) 
Arkansas: Loren R. Herre (1958) 
California: F. G. Netson (1956) 
Canada: CLARENCE S. ANDERSON (1958) 
Central States: M. L. Rostns (1957) 
Dakota: L. W. Vetcer (1958) 
Federal: L. B. Dworsxy (1956) 
Florida: J. E. Kiker, Jr. (1956) 
Georgia: C. E. Drummonp (1956) 
Germany: F. Sterp (1956) 
PRESIDENT Inst. San. Eng. (Eng.): W. F. Brown (1956) 
. y eae Inst. Sew. Pur. (Eng.): W. F. A. Swoox (1956) 
George W. MarTIN Jowa: H. S. Situ (1956) 
Sewage Treatment Plant Kansas: Myron Newson (1957) 
" ~ fae Kentucky-Tennessee: Grant S. Betzt (1958) 
P. O. Box 247 Louisiana: J. L. Love (1958) 
a av Ti aannat Maryland-Delaware: Roy H. Ritter (1957) 
Green Bay, Wisconsin Michigan: R. A. Greene (1958) 
Missouri: J. K. Smita (1957) 
VICE—~PRESIDENT Montana: F. F. Parmer (1956) 
—— Nebraska: Davip R. Hitt (1958) 
JOHN W. CUNNINGHAM New England: Wicttam S. Wise (1957) 
9 ‘ T New Jersey: Sor Ser (1957) 
1112 Portland Trust Bldg. New York: A. J. Fiscuen (1957) 
Portland 4, Oregon North Carolina: E. C. Husparp (1958) 
Ohio: G. A. Hatt (1957) 
: Oklahoma: C. E. Moutrey (1956) 
TREASURER Pacific Northwest: E. C. Jensen (1956) 
"4 7 YE ReER: Pennsylvania: Roy F. Weston (1958) 
W. Ww. DEBERarp Puerto Rico: L. R. Rosres (1956) 
Deputy Commissioner for Water Rocky Mountain: B. V. Howe (1957) 
WS a : . South Carolina: E. D. Fry (1958) 
Chicago, Illinois Sweden: Nits Westperc (1956) 
Switzerland: Prerre Witpr (1957) 
EXECUTIVE SECRETARY-EDITOR Texas: C. H. Connett (1957) 
‘ —s Virginia: B. L. StrotHer (1956) 
RautPH E, FUHRMAN West Virginia: H. K. Groury (1956) 
Qn PS oe . Mca rw At Large: V. MAcKENzIe (1956) 
4435 W isconsin Ave., N.W., At Large: RR. KENnepy (1957) 
Washington 16, D. C. At Large: Ray E. Lawrence (1958) 
W. and S. Wks. Miers.: W. A. Harpensercu (1956) 
. > = Ww. Wks. Miers.: G. W. Kexsey (1957) 
ADVISORY EDITOR Ww. S$. Wks. Misrs.: T. T. Quictey (1958) 
F. W. MoHLMAN -Oficio: Davin B. Lee 
: , , ox io: M. M. Coun 
Director of Laboratories SerH G. Hess 
The Sanitary District of Chicago x- jo: RoLr ELtasseN 
Chicago, Illinois “Of; 2 ooo 
Ex-Officio: G. P. Epwarps 











SEWAGE AND INDUSTRIAL WASTES 


REG. U. S. PAT. OFF. 


A monthly Journal devoted to the advancement of fundamental and 
collection, treatment and disposal of sewage and industrial wastes, and the 
ment of such works. 


practical knowledge concerning the nature, 
design, construction, operation and manage- 
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4435 Wisconsin Ave., N.W., Washington 16, D. C. Send all manuscripts, advertising copy, subscriptions, ad- 
dress changes, etc., to this address 


SUBSCRIPTION RATES 
Members of local sewage works associations affiliated with the Federation, $5.00 per year 
Non-members: U. S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
panied by International Money Order.) 
Single copies: United States $1.00 each; Foreign, $1.25 each. 


CLAIMS 
No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. ‘‘Missing from files’ cannot be accepted as the reason for honoring a claim 
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METERS, FEEDERS AND CONTROLS 
Engineered Specifically 
FOR SEWAGE AND WASTE PLANTS 

.. . proven in THOUSANDS OF INSTALLATIONS 





Builders Model HCVS Visible Flow 
Chlorinizers—capacity 100 to 6000 Ibs. 
per 24 hrs. each-—installed at Bucklin 
Point Sewage Treatment Plant, East 
Providence, Rhode Island. 


Builders Chronoflo Electric Receiver 
for remote totalizing, indicating, and 
recording of raw sewage flow at Mt. 
Vernon, Ohio, Sewage Plant. 


One of many Builders Venturi Tubes supplied for the Chicago 
Southwest Treatment Works, Sanitary District of Chicago. 


24” Kennison Nozzle, which, with 
Builders Type M _ Totalizer-Indicator- 
Recorder, meters sewage influent at 
Eslava Creek Sewage Disposal Plant, 
Mobile, Alabama. 


12” x 5” Builders Venturi Tube with 
special accessories for metering raw 
sewage. Amherst, Mass., Sewage Treat- 
ment Plant. 


Builders offers a unique service to designers of sewage and waste treatment 
plants — a complete line of flow meters and controllers . . . from the primary 
measuring device in the pipe line to the metering instrument in the control 
panel. Builders line of Visible Flow Chlorinizers is geared to the chlorination 
needs of modern sewage and waste plants . . . four basic models covering 
the complete capacity range from 4 to 7000 Ibs. per day . . . all easily 
adaptable to manual or automatic control systems. For Bulletins, write 
Builders-Providence, Inc., 368 Harris Avenue, Providence 1, Rhode Island. 


BUILDERS-PROVIDENCE 


DIVISION OF 


SVILOERS 18ROM FOUNDRY © PROPORTIONEE RS, 


B-I-F 


INDUSTRIES, INC. 
INC. © OMEGA MACHINE <Q) resets 
WE) conteots 
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FSIWA MEMBER 


Alabama Water and Sewage Assn.* 
W. L. Samuen, Secretary 
c/o Byrd L. Moore & Co. 
Box 143 
Fairhope, Alabama 


Arizona Sewage and Water Works Assn.* 
H. C. Bicciestone, Sec.-Treas. 
Bd. of Fire Underwriters of The Pacific 
Phoenix, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. C. W. Oxrorp, Sec.-Treas. 
University of Arkansas 
Fayetteville, Ark. 


California Sewage and Industrial Wastes Assn. 


Ropert J. Barvetta, Sec.-Treas. 
719 South Loara St. 
Anaheim, Calif. 


Canadian Institute on Sewage and Sanitation 
m. A. E, Bexry, Sec.-Treas. 
Administrative ce 
72 Grenville St. 
Toronto, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
Groncr F. Bernavusr, Sec.-Treas. 
713 Chapman St. 
Madison, Wis. 


Dakota Water and Sewage Works Conf. 


North Dakota Section* 
Jerome H. Svorx, Sec.-Treas. 
c/o State Dept. of Health 
Bismarck, N. Dak 


South Dakota Section* 
Cartes E. Cart, Sec.-Treas. 
c/o Div. of Sanit Ay meq 
State Board of H , Pierre, S. Dak. 


Federal Sewage beeen Assn. 
Keir S. Krause, Sec.-Treas. 
Room 904, 1114 Commerce St. 
Dallas, Texas 


Florida Sewage and Industrial Wastes Assn. 
M. E. Dawxtns, Sec.-Treas. 
P. O. Box 4817 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
. Story, Sec.-Treas. 
1210 Hemphill Ave., N.W. 
Atlanta, Ga. 


(Germany) Abwassertechnische Vereinigung 
to Patrasca, Sec.-Treas. 
Theaterstrasse 24 
Bonn, Germany 


Institute of Sewage Purification 
W. F. A. Swoox, Sec. 
10, Cromwell Place 


London, S. 


Institution of Public Health Engineers 
Ernest V. Barsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage and Industrial Wastes Assn. 
. F. Sxorczesxi, Sec.-Treas. 
207 South 15th Ave. 
Marshalltown, Iowa 


Kansas Sewage and Industrial Wastes Assn. 
James F. Arxen, Sec.-Treas. 
Supt. of Water and Sewage Treatment 
407 City Building 
Wichita, Kansas 
Kentucky-Tennessee Industrial Wastes and 
Sewage Works Assn. 
S. Leary Jonzs, o- -Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 
Louisiana aban on Water Supply and 
Sewerage * 
Grorce H. West, Sec.-Treas. 
P. O. Box 15, Water Dept., Lake Charles, La. 


* Sewage Works Section. 





ASSOCIATIONS 


Maryland-Delaware hae lh and Sewage Assn.* 
W. M. Brnctey, Sec.-Tre 
2411 N. Charles St., Baltimore 18, Md. 


Michigan Sewage and Industrial Wastes Assn. 

D. M. Prerce, Sec.-Treas. 

Michigan Dept. of Health 

Room 334, Admin. Bldg., Lansing 4, Michigan 
Missourl Water and Sewerage Conf.* 

Warren Kramer, Sec.-Treas. 

c/o State Office Bldg., Sixth Floor 

Jefferson City, Mo. 


Montana Sewage and Industrial Wastes Assn. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 
Nebraska Sewage and Industrial Wastes Assn. 
V. LecutTenserc, Secretary-Treasurer 
614 Standard Oil Bidg., Omaha, Neb. 
New England Sewage and Industrial Wastes 
sen. 
Henry F. Muwroe, Sec.-Treas 
75 Paine Avenue, Cranston 10, R. I. 
New Jersey Sewage and Industrial Wastes 
Assn. 
MicwHaet S. Kacnorsxy, Sec.-Treas 
P. O. Box 68, Manville, N. J 


New York Sewage and Industrial Wastes Assn. 
Rates C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
North Carolina Sewage and Industrial Waste 
Assen, 
W. E. Lone, Jr., Sec.-Treas. 
Box 2091, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-Treas. 
301 Ohio Depts. Bidg., Columbus 15, Ohio 
Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. M. Crane, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
Water W. Saxton, Sec.-Treas. 
408 Old Capitol Bldg 
Olympia, Wash. 
iy ~~ eons Sewage and Industrial Wastes 
Assn. 
J. R. Harvey, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
916 Diamond, Meadville, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Rosert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage and Industrial Wastes 
Assn. 
Joun R. Peterson, Sec.-Treas. 
376 City and County Bldg., Denver 2, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
T. A. Kors, Sec.-Treas. 
1329 Ellison Rd., Columbia, S. C. 
(Sweden) Fireningen Fir Vattenhygien 
Erk Jonsson, Secretary 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Schweizerischer Abwas- 
serfachleute 
Epuarp Horincer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Assn.* 
V. M. Exters, Sec.-Treas. 
2202 Indian Trail, Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assn. 
. L. Hamercx, Jr., Sec.-Treas. 
.F.D. 8, Box ’s50 
Richmond, Va. 


West Virginia Sewage and Industrial Wastes 
Assn. 
Guen O. Fortney, Sec.-Treas 
State Dept. of Health, Charleston, W. Va. 
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Elliptical VENTURI TUBE... 


Assures accurate measurement of sewage, sludge, or trade 
wastes at low velocity ... even under low pressure! Throat 
ellipse’s major dimension is vertical—equal to diameter of 
circular main section. 


Flat, Straight Top 
— prevents accumulations of 
air or gas that under certain 
conditions could impede flow 
and distort measurements. 


_ Horizontal Invert 
—a flat straight bottom, self- 
scouring of sediments or 
solids. 


Teamed with a Simplex Venturi Meter, this new Type VE 
venturi tube assures accuracy under low-flow for a wide range 
of pressures. 

For further information, write to Simplex Valve & Meter 
Company, Dept. SI-8, 7 E. Orange St., Lancaster, Pa. 


It’s Simplex — It’s Accurate 


SIMPLEX” 


VALVE METER COMPANY 
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MEMBER ASSOCIATION MEETINGS 


Association Place Time 


Pennsylvania Sewage and Industrial Pennsylvania State . 29-31, 1956 
Wastes Assn. University 
University Park, Pa. 


Iowa Sewage and Industrial Wastes P. M. Park . 12-14, 1956 
Assn. Clear Lake, Iowa 


Kentucky-Tennessee Industrial Wastes Hotel Patten . 17-19, 1956 
and Sewage Works Assn. Chattanooga, Tenn. 


Georgia Water and Sewage Assn. Hightower Textile . 19-21, 1956 
Bldg. 
Georgia Inst. of Tech- 
nology, Atlanta, Ga. 


South Dakota Water and Sherman Hotel Sept. 19-21, 1956 
Sewage Works Conference Aberdeen, 8. D. 


Missouri Water and Sewerage Hotel Governor Sept. 30-Oct. 2, 
Conference Jefferson City, Mo. 1956 


A bwassertechnische Dusseldorf, Germany Oct. 3-5, 1956 
Vereinigung 


North Dakota Water and Lewis and Clark Hotel Oct. 3-5, 1956 
Sewage Works Conference Mandan, N. D. 


Pacific Northwest Sewage and Boise, Idaho Oct. 4-6, 1956 
industrial Wastes Assn. 





TWENTY-NINTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
California Sewage and Industrial Wastes Association 
Statler Hotel, Los Angeles, California 


October 8-11, 1956 











Canadian Institute on Prince Edward Hotel Oct. 29-31, 1956 
Sewage and Sanitation Windsor, Ontario 


West Virginia Sewage and Industrial West Virginian Hotel Oct. 31-Nov. 
Wasies Assn. Bluefield, W. Va. 1956 


Nebraska Sewage and Industrial Castle Hotel Nov. 1-2, 1956 
Wastes Assn, Omaha, Neb. 


New England Sewage and Industrial Hotel Weldon Nov. 8, 1956 
Wastes Assn. Greenfield, Mass. 


Florida Sewage and Industrial Wastes Daytona Plaza Hotel Nov. 11-14, 1956 
Assn, Daytona Beach, Fla. 


North Carolina Sewage and Industrial Charlotte Hotel Nov. 12-14, 1956 
Waste Assn, Charlotte, N. C. 





SEWAGE AND INDUSTRIAL WASTES 


INFILCO Gt Mie SEWAGE TREATMENT 








Sewage plant of Washington 
County Sewer Improvement 
District No. 1, at Bartlesville, 
Okla., is compact and efficient 
with INFILCO equipment. 


Engineering by Wood & Craig 
Consulting Engineers, Tulsa, Okla. 


Equipment includes 80 COLAFLEX® gittusers. 


FLOW DIAGRAM: DESIGN AVERAGE FLOW 0.39 M.G.D. 


INFLUENT aK 





FINAL 
CLARIFIER 


4. 
woe = 
SLUOGE 
RETURN 














MIXER — STABILIZER 


EFFLUENT 





Only 5 to 6 hours are required for throughput in the 
Biosorption® high-rate activated-sludge treatment 
plant equipped by InFiLco—as compared to 10 to 12 
hours for conventional equipment. Main components 


Average B.0.D. (p.p.m.) 


Period Ave. 
Flow Raw Final 
M60 Sewage Effluent 
1/14- 


2/35 0.253 197 18 


If your problem involves greater volume in less time 
from less space—at lower cost—consult INFILCO 
because INFILCO KNOWS HOW to help you solve it. Over 
60 years of experience and the most complete and 


INFILCO INC. 
General Offices 
Tucson, Arizona 


The ONE company offering 
equipment for ALL types of 
water and waste treatment. 


seas 


of the Bartlesville installation include a Gripuctor® 
comminutor, a mixer-stabilizer with CoLaFLex® dif- 
fusers, WS clarifier and floating cover for digester. 
Overall results are excellent. Here are typical figures. 


Suspended Solids (p.p.m.) 


Final % 
Effivent Removal 


90.8 225 20 91.0 


% Raw 
Removal! Sewage 


advanced line of equipment are available to you. Write 
today for full information on the interesting Bartles- 
ville installation and Bulletin No. 6550-SI-25. 


Inquiries are also invited on all 
other water and waste treating 
problems including coagulation, 
precipitation, sedimentation, 
filtration, flotation, aeration, 
ion exchange and biological 
processes. 


FIELD OFFICES THROUGHOUT THE UNITED STATES AND FOREIGN COUNTRIES 
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NO ONE KNOws America’s water problem better than you. 


With water consumption today four times greater than fifty years 


ago...and mounting daily... your responsibilities are heavier than 
ever. 

Many of you not only must find new sources of water but new ways 
to conserve your present supply. This calls for the cooperation of an 
informed and alert public, conscious of your problem and mentally 
conditioned to help you solve it. 


ome CST iron 
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squeeze is on! 


Here, we can and will continue to help. 


Our national campaign, reaching millions, stresses the increasing need for 
industry and homeowner alike to use water wisely and plan in advance for ade- 
quate water facilities. It urges realistic water rates and asks support for the 


forward-looking legislation and bond issues that will insure a plentiful supply 
for the future. 


It’s designed to help America conserve its most precious national resource... 
and keep water flowing, freely and abundantly, for all. 


CAST IRON... the pipe that’s bought 
on proof, not claims 


No other pipe can point to so convincing a record 
of long life. 


For over 70 public utilities in America, cast iron 
mains laid over a century ago are still giving satis- 
factory service. This demonstrated record of long 
life (made in the ground, not printed claims) not 
only gives the public the dependability it has a 
right to expect in a water system...it saves tax 
dollars as well. Once in the ground, cast iron serves 
for generations with minimum maintenance. Cast 
iron’s long term economy pays off! 


Today, water officials can rely on even better cast 
iron pipe. Modernized cast iron, centrifugally cast 
to be even tougher, stronger, more uniform. And 
where needed and specified, lined with cement 
mortar to assure sustained carrying capacity 


throughout its long service. This gallant old cast fron water main laid 


You specify wisely and well when you specify in 1850 is still serving and saving tax 
cast iron pipe for your water system. The experience dollars for the citizens of Buffalo, N. Y. 
of centuries proves you chose the best. 


Cast Iron Pipe Research Association, Thomas < 
F. Wolfe, Managing Director, 122 So. Michigan 


” : The Q-Check stencilled on pipe is the Registered 
Ave., Chicago 3, Ill. Service Mark of the Cost Iron Pipe Research Association. 


yd E 2 & FOR MODERN WATER WORKS 
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WITH 
CHAPMAN 


Stdad 


SLUICE GATES 


How can you lose? Chapman 
Standard Sluice Gates are on 
your side at all times. 

You win before you use them. 

Installation is faster and 

simpler. Because such com- 

ponent parts as discs, guides, 

hooks and wedges are standardized, every fit is made quickly without 
match-marking or alterations in the field. 

Even after you use them, you win. If the time comes, the standardized 
parts... the result of Chapman standardized manufacturing . . . are easy 
to replace and are fitted without alterations. Your maintenance costs go 
down. 

To win both ways . . . specify Chapman Standard Sluice Gates. All of 
them ... with manual, hydraulic or electric motor control ...in an extra 
large variety of sizes and designs are explained in full in our Catalog 25. 
Write for your free copy, today. 


THE CHAPMAN va ctve 


Manufacturing Company 
INDIAN ORCHARD, MASS. 
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By changing the cheracter of hormones ond genes science may increase tremendously the 
size of fowl and domestic animals . . . put more meot ot less cost on the American teble. 











100 years from now... 


WE MAY RAISE CHICKENS AS BIG AS OSTRICHESI 


How will we live, eat, travel in the future? Even scientists must 


include some guesswork in their predictions of the marvelous 
things to come. But one thing seems certain—water and gas will 
still be carried by the dependable, long-lasting cast iron pipe 
laid today. Here's proof! More than sixty American cities are still 
being served by cast iron water and gas mains overa century old. 
And today’s modernized U.S. Pipe...centrifugally cast, quality 
controlled ...is even stronger, tougher, and more durable. 
U.S. Pipe is proud to be one of the leaders ina forward-looking 
industry whose service to the world is measured in centuries. 


U. S. PIPE AND FOUNDRY COMPANY, Genera! Office: hn 2, Alab 





A WHOLLY INTEGRATED PRODUCER FROM MINES AND BLAST FURNACES TO FINISHED PIPE 
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You can treat toxic wastes 


continuously under control of 


Zlectnunik instruments 


ElectroniK instruments 
on the panel at left regu- 
late phenolic waste treat- 
ment plant at General 
American Transportation 
Corp.’s Saegertown shops. 


Are your wastes toxic? The economical way to convert them to 
safe effluent is through continuous treatment. And the effective way 
to operate a continuous system is to use ElectroniK instruments. 


Here’s how it works at the Saegertown, Pa. plant of General American 
Transportation Corporation. Wash waters from railway tank car 
cleaning operations often contain phenol and other toxic ingredients, 
which must be removed before discharge to a nearby river. A con- 
tinuous system treats some 50,000 gallons of waste daily, by a com- 
bination of adsorption, flotation, flocculation and biological oxidation. 


Several ElectroniK pH controllers play important parts in the system. 
These instruments control the flow of acid or alkaline reagent to main- 
tain exactly the right pH for the treatment processes. Their close, 
sensitive control enables the system to reduce the phenol content to 
minimum approved levels in the final effluent. Moreover, this par- 
ticular treatment plant is so thoroughly automatic that a single 
operator can handle the complete supervisory job. 


Your nearby Honeywell sales engineer will be glad to discuss how 
modern ElectroniK instrumentation can cut costs in your own water 
or waste treating processes. Call him today for a consultation . . . he’s 
as near as your phone. 


MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 
Wayne and Windrim Avenues, Philadelphia 44, Pa.—in Canada, 
Toronto 17, Ontario. 


@ REFERENCE DATA: Write for Catalog 1551, “pH and Conductivity Instrumentation.” 


(fH) Honeywell 


Fit ww Coitiol 





Sure way to clarify industrial wastes 
from this |} to this 


Glass graduate at left shows waste as it 
flows into settling tank at chemical plant. 
Mound of sludge filter cake in center rep- 
resents solids taken from liquid (right) 
before discharge into sewerage system. 


pa 


LINK-BELT Circuline Collector 
concentrates sludge fast 
in treating corrosive waste 
at Ohio chemical plant 


In Cincinnati, surcharges are levied on industrial 
wastes that exceed maximum legal strength when 
discharged to city sewers. At the St. Bernard, Ohio 
plant of Toms River-Cincinnati Chemical Cor- 
poration, Cincinnati Division, corrosive and abra- 
sive acid wastes make treatment prior to discharge 
to the city sewerage system the most economical 
disposal method This 200, 000- gal. settling cae is equipped with a Link- Belt 
As in municipal water and sewage plants and Circuline Collector using Link-Belt Promal chain. Power is 
industries throughout the country, Link-Belt had supplied through a Link-Belt worm | gear and roller chain drive. 
a hand in the solution. A Circuline Collector in : : peor 7, rN 
the settling tank gathers settled sludge so gently ; g2 
that minimum agitation and maximum concentra- 
tion occurs. This results in high tank efficiency in 
removing solids and minimum costs to dewater 
the sludge. It is meaningful that in seeking maxi- 
mum efficiency and maximum sludge density, 
Link-Belt equipment was recommended by the 
consultants, R. L. Woolpert Co. of Dayton. 
In the same way, our engineers will help work 
out answers to your specific needs, collaborating 
with your engineers, consultants and chemists. 
Call the Link-Belt office nearest you. 


; After sludge is concentrated in two 13,500-gal. tanks, it is 

: dewatered on a coil-spring vacuum filter and carried from filter 

SANITARY ENGINEERING EQUIPMENT by Link-Belt 18-in. wide belt conveyor to be trucked to a dump. 
LINK- BELT bat ety Executive Offices, Prudential Plaza, Chicago 1. To Serve Industry There Are Link-Belt Plants and Sales 


Offices in All Pr ] ties. Export Office, New York 7; Canada, Scarboro (Toronto 13); Australia, Marrickville, N.S.W.; South Africa, 
Springs. Representative: TI hroughout the World. 13,951 
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Jerry Donohue Engineering Company 
specifies 


INERTOL PAINTS 





MEMO 


From: 

inertol Co, Inc. 

hagen, Supt. 
tment Plant, 
Wisconsin 


To: 

c. W. Boge 

Sewoge Trea 
Fond du Lac, 
Date: 
Moy 15, 1 
This case 
1951. Moy 


ed in 


6 
history OPEN”. 


e run it og 


The pump room at Fond du Lac 
Ramuc Utility, a long-lasting tile-like enamel 
beautifies the walls, ceilings and stairs. 


Glamortex, an alkyd resin enamel, gives a 
durable, mar-resistant finish to railings, piping 
and machinery. 


@ This beautiful, modern sewage plant at 
Fond du Lac, Wisconsin, is just one of 
many where Inertol paints are specified 
by Bruno Hartman of Jerry Donohue 
Engineering Company, Sheboygan, Wis- 
consin. He has found, as you will too, 
that Inertol specialized coatings meet ex- 
actly the requirements of hardness, 
elasticity, chemical inertness and beauty. 
Each product in the line has been devel- 
<& 

A 
482 Frelinghuysen Avenue 

Newark 12, New Jersey 


oped especially for sewage plant usage. 
The superiority and quality has been 
proved in hundreds of installations 
throughout the country. 

Our Field Technicians will be pleased 
to discuss the Inertol line fully with you 
at your office. Or write today for the 
“Painting Guide,” an invaluable aid for 
Design Engineers, Specification Writers, 
Contractors and Plant Superintendents, 


INERTOL CoO., INC. 


27H South Park 
San Francisco 7, California 
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Specify 


IOWA 


for every job 


1OWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
J for air service. 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—either 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 


pressures. 


White Tovay yor doveriptinee Litenatine, 


1OWA FLAP VALVES—ail 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


lowa's complete line of 
valves for treatment plants 
assures you of 
efficient operation, 
low maintenance cost, and 
replacement parts when 
needed in years to come. 


CLOW HYDROSTATIC RE- 
LiMF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 


IOWA PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 


strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, 
plain or indicating floor stands if 


ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


required. Pp 


fOWA SLUICE GATES—can be used 
in lines having both seating and unseat- 
ing pressures. High strength cast iron, 
bronze mounted, with solid bronze adjust- 
able wedges. Can be equipped with cyl- 
inder or motor unit for automatic 
operation. 


IOWA SHEAR GATES—ceither all iron 
or iron, bronze mounted. Gate-seating 
wedges bolted on, permitting replacement 
without replacing frame. 





ey 


| IOWA wave company 


. A Subsidiary of 
For 45 years a reliable source for James B. Clow & Sons 
precision engineered products 


Oskaloosa, lowa 
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INCINERATION 


for the small community 


o~ 
ae 


Morse Boulger Incinerator serving 
Lucas & Hunt Village, St. Lovis, Mo. 


me old-fashioned refuse dump—no matter 
how distantly located from the town—is still an eye- 
sore, a health menace and a nuisance. Haulage to 
it and bulldozing (which should be done anyway) 
cost money. 


Morse Boulger, while serving very large cities with 
high tonnage incineration, has never neglected the 
small community. It, too, is entitled to the best in 
incineration. ..which Morse Boulger Engineers can 
provide. 


Have your consulting engineer get in touch with us 
about your requirements. We have basic drawings 
all set up for several types of incinerators in a wide 
range of capacities. We can expedite the plan you 
need. 


MORSE BOULGER DESTRUCTOR CO. 


80-E 5th AVENUE NEW YORK Ii, N. Y. 


C 
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FOR EXCEPTIONAL STRENGTH 


LOCK JOINT 
ROLLER SUSPENSION PIPE 





Interesting double-decked | installation 
of 36° and 24° Roller Suspension Pipe 
in deep trench at Hartford, Conn. 


Installation of 48° Roller Suspension Pipe 
in Fairfax County, Va. — one of many 
Roller Suspension pipelines being instolled 
in this fast-growing residential area 


The unique manufacturing process by which Lock Joint Roller 
Suspension reinforced concrete sewer and culvert pipe is produced 
permits the use of a low water-cement ratio and a high proportion 
of stone in the mix. The concrete obtained by this system is unusually 
strong and resistant to abrasion. 


Roller Suspension Pipe of equal wall thickness and steel area to 
cast or machine made concrete pipe consequently offers a con- 
siderable premium in strength and durability. 
For projects requiring exceptionally rugged 
sewer or culvert pipe, specify Lock Joint’s ultra- 
modern ROLLER SUSPENSION PIPE. 





LOCK JOINT PIPE CoO. 


East Orange, N.J 





Sewer and Culvert Pipe Plants: 

Kenilworth, New Jersey Valley Park, Missouri Cheyenne, Wyoming 
Hartford, Connecticut N. Kansas City, Missouri Casper, Wyoming 
New Haven, Connecticut Tulsa, Oklahoma Tucumcari, New Mexico 
Beloit, Wisconsin Oklahoma City, Oklahoma Hato Rey, Puerto Rico 
Chicago, Illinois Wichita, Kansas Ponce, Puerto Rico 
Rock Island, Illinois Denver, Colorado Caracas, Venezuela 

Also Great Lakes Concrete Pipe Company with plants at Buffalo, N. Y. and Henrietta, N. Y. 
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Link-Belt sewage treatment plant (inset) with PFT Rotary Distributors on 25’ filter beds 





Link-Belt chooses PFT Rotary Distributors 





for its own sewage treatment plant 


As an important manufacturer of waste treat- 
ment equipment, the Link-Belt Company quite 
naturally drew upon its own fine equipment in 
adding sewage treatment facilities to its great 
modern plant in Colmar, Pa. 


PFT is proud that its Rotary Distributors were 
selected for the two 25’ diameter filter beds. 
Working in conjunction with Link-Belt’s own 
equipment, these Distributors have proved their 
efficiency in a thoroughly modern installation. 

The sewage plant handles the domestic wastes 
of some 650 employees in addition to all the 
industrial wastes that respond to trickling filter 
treatment. 

Each Distributor is designed to handle 180 
g.p.m. of settled sewage. Pumped directly to the 
rugged center column, the sewage is then dis- 
tributed through 3” diameter arms of galvanized 
steel. PFT Spreader Jets are carefully spaced 


Spreader Jets for the arms 
of PFT Rotary Distributor. 
Note various positions of 
the hinged deflectors which 
raise or lower to accom- 
modate desired flow. 


PORT CHESTER, N. ¥. © SAN MATEO CALIF. @ 


CHARLOTTE, N.C e 


along the arms for uniform distribution over the 
entire filter bed area. 


A unique feature of the Spreader Jet is the 
hinged deflector. This design was originated by 
PFT and is particularly adaptable to small dis- 
tributors. By hinging above the orifice (see illus- 
tration), the deflector lifts under initial head 
and permits maximum reactive force to bring 
the Distributor up to the proper rotational speed. 


As the head drops to normal operating pres- 
sure, the deflector drops to a position that 
produces a flat, uniform spray with even distribu- 
tion over the filter bed. 

The circular orifices in the Spreader Jets are 
always open to full size. This practical design 


effectively reduces clogging and simplifies main- 
tenance. 


Design of 


Link-Belt Company 
plant by 


Engineering Dept. 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 
4241 Ravenswood Avenue 


Chicago 13, IIlinois 


JACKSONVILLE © DENVER 
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Aerial view of the El Paso plant with the two Monorcke units shown at top right. 
Consulting Engineers: Ashley G. Clossen & Associates, El Paso, Texas 


El Paso, rapidly growing Texas city, recently added 
EL PASO secondary treatment to its sewage plant employing four 
TEXAS Dorrco Distributors followed by two Monorake mechanisms. 


Adds Secondary The two Monorake units are each installed in a basin 67 ft. 


10%” wide by 245 ft. long. The Distributors, among the 


Treatment fo largest ever manufactured, are 220 ft. in diameter each capa- 
Sewage Plant ble of handling a maximum flow of 13,900 gpm at 2.75 ft. 
head. 


Biofiltration If you would like more information on the complete line of 
Flowsheet Used Dorr-Oliver sewage treatment equipment write to Dorr- 


Oliver Incorporated, Stamford, Connecticut for Bulletin 
No. 6041. 


Monorake T.M. Reg. U. S. Patent Office 
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TWO-STAGE TRICKLING FILTER PERFORMANCE 


By J. H. Sorrets anp P. J. A. ZELLER 


Research Engineer and Assistant Research Engineer, respectively, Texas 
Engineering Experiment Station, College Station, Tez, 


The advantages of double or series 
filtration of settled sewage have been 
observed by several investigators. In- 
termedite sedimentation between filters 
is claimed by some to be essential, al- 
though others have obtained good re- 
sults without such settling between the 
filters. In many eases recirculation of 
final effluent was employed with good 
So-called ‘‘roughing’’ filters, 
filters receiving excessively high B.O.D. 
loadings, have been employed as relief 
for subsequent treatment 


results 


measures 
processes. 

Goldthorpe and Nixon (1), using a 
7-ft.deep primary filter and a 6-ft. deep 
secondary filter with intermediate sedi- 
mentation and an over-all loading of 
0.367 lb. of 5-day B.O.D. per cubic 
yard, obtained an efficiency of 87.9 
per cent with an effluent having 21 
p.p.m. B.O.D. Dekema and Krige (2) 
compared two-stage and single-stage 
filtration. Using enclosed filters 12 to 
14 ft. deep, and with forced ventilation 
and intermediate sedimentation, they 
obtained an estimated 30 per cent im- 
provement over single-stage filtration. 
They observed that the sludge removed 
from intermediate sedimentation 
tank was ‘‘black with a bad odor’’ and 
eoncluded that this sludge required 
further treatment. They also con- 
cluded that additional sludge digestion 
capacity would be needed with series 
filtration. In addition, they reversed 
the flow through the filters periodically 
with an estimated 50 per cent improve- 
ment. 


tne 


Moore et al. (3) employed shallow (3- 
ft. deep) filters with recirculation but 
without intermediate sedimentation. A 
better plant efficiency was achieved 
with series operation, with 88.8 per 
cent B.O.D. removal, than with parallel 
operation, with 81.8 per cent B.O.D. 
removal. The average B.O.D. in the 
plant effluent with series operation was 
24 p.p.m., compared with 31 p.p.m. 
during parallel operation. 

Hagerich (4) used a ‘‘roughing’’ fil- 
ter loaded at 2 lb. of B.O.D. per cubic 
yard to relieve an overloaded activated 
sludge plant and obtained a B.O.D. re- 
moval of 58.7 per cent of the applied 
load. Solids removal by the filter was 
36.8 per cent. 

Sewage treatment plants frequently 
reach designed capacity within a few 
years after completion and the need for 
increased facilities becomes acute. In 
a large number of plants this need is 
first noticed or most pronounced in fil- 
ter performance. Because regulatory 
agencies require certain limitations 
with respect to filter loadings, the filter 
capacity should be increased as sewage 
flow increases. 

If series filtration without interme- 
diate sedimentation can be employed 
to produce a better effluent, a consider- 
able saving in money can be realized 
by installing a secondary filter without 
an intermediate sedimentation tank. 
It was therefore the purpose of these 
investigations (a) to determine what 
degree of purification is accomplished 
by a trickling filter at excessive load- 


943 
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ings without recirculation and (b) to 
determine the degree of purification af- 
forded by filters in series without in- 
termediate sedimentaion. 


Experimentation 


The sewage plant serving the A. & M. 
College of Texas is of the trickling fil- 
ter, separate sludge digestion type. 
The four experimental filters described 
in a former article (5) were dosed with 
settled sewage by means of orifices in 
a constant-head tank. The effluent 
from each primary filter passed di- 
rectly to a corresponding secondary 
filter without intermediate sedimenta- 
tion. Each secondary filter was 4 ft. 
square, 3 ft. deep, and was provided 
with a motor-driven spinner to assure 
good distribution. The effluents from 
the secondary filters drop into a com- 
mon channel, so that each secondary 
effluent can be sampled individually. 
Operation of all filters was continuous. 

For a test run, samples of influent 
and effluent were taken hourly from 


8 aM to 5 PM; composite samples were 


stored in a refrigerator. Time of flow 
of a measured sample was recorded 
hourly. As required, the orifices in the 
constant-head tank were adjusted to 
maintain the flow at the desired con- 
stant rate. 

Composite samples, except settled 
sewage, were settled in an Imhoff cone 
for 45 min., and the amount of settle- 
able solids recorded. About one-half 
liter of clarified liquor was carefully 
siphoned off and analyzed for pH, 
B.O.D., suspended and volatile solids, 
ammonia, nitrites, and nitrates. All 
analyses were made according to 
‘*Standard Methods’’ (6). 

The dosage rates of the primary fil- 
ters were 1,000, 2,000, 3,000 and 4,000 
lb. of 5-day B.O.D. per acre foot per 
day (p.a.f.d.). The dosage rates of the 
secondary filters, being that portion of 
the B.O.D. which was not removed by 
the primary filters, were not subject to 
close control and showed rather wide 
fluctuations, but averaged 700, 1,700, 
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3,200, and 5,600 p.a.f.d., respectively. 
The corresponding hydraulic rates of 
application were, respectively: 4.46, 
8.92, 13.38, and 17.83 million gallons 
per acre per day (m.g.a.d.) for both 
primary and secondary filters. 

The experiments covered two years 
to compensate for seasonal variations. 


Results 


The results of the tests are shown 
in Tables I, II and III, and in Figures 
1 to 7. 

Consider first the primary filters, 
heavily loaded without recirculation. 
The loading rates are in excess of the 
rates usually used in design or recom- 
mended by regulatory agencies in the 
Southwest. It appears at once that as 
the loading increased, the amount of 
B.O.D. removed by the filter increased, 
but the percentage removal decreased. 
Stated in another way, the quality of 
the effluent deteriorated with increased 
loading. The same trend was shown 
by suspended solids removal. The 
amount of ammonia nitrogen applied 
to the filters was reduced very little. 
Even this small reduction decreased as 
the loading increased. A small amount 
appeared as nitrite nitrogen. The 
amount of nitrate nitrogen produced 
by the filters was negligible. 

In the case of the secondary filters, 
the results were quite different. Since 
the secondary filters received the ef- 
fluent of the primary filters directly 
without intermediate sedimentation, the 
B.0.D. loading imereased at a more 
rapid rate, practically doubling from 
filter to filter. Thus, the loadings of 
the first two secondary filters are lower 
than their respective primary filters, 
whereas the second two show higher 
Per cent B.O.D. removal was 
higher than in the corresponding pri- 
mary. 


loadings. 


The greatest difference between 
primary and secondary filters, however, 
is shown by the oxidation of nitrogen. 
Up to a loading of 3,100 p.a.f.d. B.O.D., 
substantial amounts of nitrate nitrogen 
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were formed, with a corresponding de- 
crease in ammonia nitrogen. At 5,600 
p.a.f.d. no nitrates were formed. In 
all filters, small amounts of nitrites 
were formed, even at the highest load- 
ing. 

Suspended solids removals follow the 
same general trend as B.O.D. removals. 
As the loading increased, the absolute 
removal of solids increased. The qual- 
ity of the effluent gradually declined. 

Combinations of primary and sec- 
ondary filters present still another pic- 
ture. As the B.O.D. loading increased, 
the absolute removal increased up to 
a loading of 2,000 p.a.f.d. but decreased 
at 2,600 p.af.d. Percentage removal 
decreased and quality of effluent also 
deteriorated, but at a lower rate. Sus- 
pended solids and volatile suspended 
solids in the effluent increased as load- 
ing increased. Nitrate formation de- 
creased steadily as loading increased. 
Up to 1,300 p.a.f.d. the effluent could 
be called well-nitrified. At 2,600 
p.a.f.d. no nitrates were formed. 


REMOVAL PAFDO. 
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Discussion 


Actually, the four primary filters op- 
erated in these studies were roughing 
filters, since they were loaded heavily 
without recirculation. From Figure 
1 it can be seen that, in general, as the 
B.O.D. loading on the filters increased 
both the amount of B.O.D. removed by 
the filter and the amount of B.O.D. dis- 
charged by the filter increased. In 
other words, the percentage removal 
by the filters decreased from 63.6 per 
cent to 28.7 per cent as loading in- 
creased. But from 1,000 p.a.f.d. to 
3,900 p.a.f.d. these rates of change were 
not uniform. Filter No. 4 actually re- 
moved considerably less B.O.D. at a 
given loading than did filter No. 3 at 
the same loading. Similarly, at a given 
loading filter No. 3 removed slightly 
less B.O.D. than filter No. 2 at that 
same loading. 

It would appear, therefore, that load- 
ing alone is not the whole story. Some 
other factors are apparently involved. 
One such factor might be the hydraulic 


so oe 





E 


ay 
L 








1000 2000 


3000 


4000 


LOADING, RPAFO 
FIGURE 1.—B.0.D. removal in primary filters, 
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rate of application. 


filter with 


In every case, the 
the higher hydraulic rate 
removal. This 
stantiates previous studies (7) 


shows the 


lower sub 
showing 
the adverse effect of hydraulic rate on 
filter performance. Further, the sharp 
drop in removals between filters Nos. 3 
and 4 suggests that there may bea limit 
to the removal secured by a filter, re- 
gardless of the loading. What this 
limit is was not demonstrated by the 
present studies. It would seem to be 
beyond a B.O.D. loading of 5,000 p.a.f.d 
or 3 lb. per cubic yard per day. 

The equations for B.O.D. removal by 
the filters, and the limits between which 
they apply, are as follows (the units 
used are pounds per 


per acre-foot 


aay 


B.O.D. Removal Equations 


Limits 
(p.a.f.d.) 


R = 0.43L 
R =0.58L - 
R = 0.43L +4 


800-1,200 | 
1,500-2,500 | 
| 2.400-3,500 | 


R = 0.24L + 16 | 3,200 4,600 


1R = B.O.D. removal; L = B.O.D. loading 


The corresponding hydraulic rates are 
also shown. In case of a choice of load 
ings the 


equation with the closer hy- 
would be 


draulic rate preferable. 
These ¢ useful in 


computing filter design, or in comparing 


quations would be 
filter performance with other plants 
A hyperbolic for all 


primary been 


curve four 


filters has developed 
It is shown by broken curve in Figur 
1. The equation for this curve is 


L 
0.000468L + 0.84 
is slightly more complicated, and neg- 


R = 


This equation 


lects the effect of hydraulic rate of ap- 
plication. It felt that 
the would 
equation 


including 
make the 
Up to load- 
ings of 4,000 p.a.f.d. (or 2.5 Ib. 


was 
hydraulic rate 


4 


00 cumbersome. 
per 
cubic yard per day) computed values 
within 5 cent of observed 


were per 
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FIGURE 2.—Nitrate production in filters. 
values Extrapolation beyond 
limit must be used with caution. 

Figure 2 presents the formation of 
nitrates by the filters. 
theory, oxidation of nitrogen should 
lag behind that of carbon. If the rea- 
soning is correct, a filter which cannot 
handle the carbon load should be even 
less able to handle the nitrogen load. 
Such is the case. Very little reduction 
i took place; and nitrate 
formations were negligible 


this 


According to 


In ammonia 
and nitrite 
(Table I 
Another trickling 
the Per- 
formance curves of the primary filters 
As the solids 
loading on the filters increases, removal 


the 


solids. 


function of 
filter is removal of 
are shown in Figure 3. 


of solids increases, but at a decreasing 
rate. In other words, as the solids 
loading increased from 800 to 3,200 
p.a.f.d. the quality of the effluent de- 
teriorated at an increasing rate from 
17 to 76 p.p.m. 

In general, the secondary filters 
showed similar trends to the primary. 
As the B.O.D. loading increased, abso- 
lute removal increased, while percent- 
age removal decreased slowly, as shown 
in Figure4. The relation between load- 
ing and removal is nearly straight-line 
up to a loading of 4,000 p.a.f.d. Be- 
yond 4,000 p.a.f.d., removal drops rap- 
idly. The percentage removal of sus- 
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FIGURE 3.—Solids removal in primary filters. 


TABLE I.—Average Results of Primary Filters 


| 


1 


4.46 


B.O.D. 


[Influent (p a.f.d.) | 1,000 
Influent (lb./eu. yd.) } 0.62 
Effluent (p.p.m.) 59 
Removal (p.a.f.d.) 636 
Removal (%) | 63.6 


So.ips 


Influent (p.a.f.d.) 814 } J 2,45¢ | 3,207 
Influent (lb./cu. yd.) 0.51 | 52 1.99 
Removal (p.a.f.d.) 523 97: ,268 1,348 
Removal (%) 64.3 | 


NITROGEN 


Ammonia (p.p.m.) 
Nitrite (p.p.m.) 
Nitrate (p.p.m.) 
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FIGURE 4.—B.0.D. removal in secondary 
filters. 


pended solids decreases slowly up to 


a loading of 1,700 p.a.f.d., then drops 
erratically (Figure 5). As regards the 
oxidation of nitrogen, the secondary 
much better results. Up 
to a B.O.D. loading of 1,700 p.a.f.d., 


filters show 
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the effluent is well nitrified, with a cor- 
responding drop in ammonia content. 
Nitrification is still present at 3,100 
p.a.f.d., but disappears at 5,000 p.a.f.d. 
(Figure 2). Data on the secondary 
filters are presented in Table II. 

Since the trends in the primary and 
secondary filters have been shown to be 
similar, with the exception of nitrogen, 
it follows that the combination or series 
filters must show similar trends also 
(Table III and Figures 6 and 7). 

In all cases, the sludge separating 
from the filter effluents was character- 
istic of humus, or filter sludge. It was 
neither black nor malodorous. 

Any comparison between the pri- 
mary and secondary groups of filters 
should be considered in the light that 
they did not receive sewage of the same 
degree of treatment; that is, the sec- 
ondary group received a partially ox- 
idized sewage whereas the primary 
group received settled sewage. 

In Table IV are presented data show- 
ing the absolute quantities of B.O.D. 
and suspended solids applied to and 
removed by the filters. It is interest- 
ing to note that as the loading on the 
filters increases the ratio of the B.O.D. 
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FIGURE 5.—Solids removal in secondary filters. 
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TABLE I1.—Average Results of Secondary Filters 








| 
| 
| 
| 


Item 


Filter 





Flow (m.g.a.d.) 


Sampling point 


B.O.D. 


727 | 264 
0.45 0.29 


Influent (p.a.f.d.) 
Influent (lb. per cu. yd.) 


Removal (‘ 63.7 





Infi. 


| 1,691 | 614 
1.05 


5,610 | 3,358 
3.48 | 1.40 


3,176 


1,316 
0.67 1.15 


63.7 


So.ips 


Influent (p.a.f.d.) 
Influent (Ib. per cu. yd.) 


582 
0.36 


387 
0.12 
Removal (%) 33.5 


1,308 
0.81 


R51 
0.28 


1,698 
0.42 


3,769 


2.34 


2,974 
0.49 
34.9 28.4 


NITROGEN 


Ammonia (p.p.m.) 
Nitrite (p.p.m.) 
Nitrate (p.p.m.) 


17.5 
0.6 
6.5 


24 
0 





removal by the secondary filters to the 
removal by the primary filters ap- 
proaches unity. Since the secondary 
units have a volume of one-half that of 
the primary units, this means that the 
rate of removal in pounds per cubic 
yard approaches twice that of the pri- 
mary. This increase is especially ap- 
parent at loadings on the primary fil- 
ters greater than 3,000 p.a.f.d. In con- 
trast to the increased ratio of B.O.D. 
removal, the ratio of removal of sus- 
pended solids increases but slightly as 
the suspended solids loading increases. 
These ratios are shown in Figure 8. 

A trickling filter acts as a flocculat- 
ing agent as well as an oxidizing agent. 
The organisms on the filter media ad- 
sorb the organic matter, ingest it, and 
partly oxidize it. As the B.O.D. load- 
ing increases, these organisms become 
less capable of oxidizing the organic 
matter in the time available. The ac- 


0 
3 


18.8 
0.6 
4.9 


26.0 
0.0 
0.3 


24.8 
0.1 
0.3 


tion then becomes primarily one of floc- 
culation and the removal of organic 
matter from solution. This is substan- 
tiated, in part, by the data in Table IV. 
The ratios of B.O.D. removal to solids 
removal in the primary filters are seen 
to be fairly constant and are: 1.22, 1.18, 
1.12, and 0.84, respectively. These ra- 
tios show that with increased load a 
greater proportion of solids is removed 
compared to B.O.D. removed. The ox- 
idation effect of the filters is illustrated 
by the same ratios in the secondary 
units. These range from 2.32 to 2.82 
and indicate that considerably more 
B.O.D. than solids is removed. 

The oxidizing effect of the secondary 
filters is further evidenced by the in- 
creased nitrific 
units (Figure 2). 

The ratio of adsorption to oxidation 
may possibly account for the effect of 


ation occurring in these 
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FIGURE 6.—B.0.D. removal in series filters. 


hydraulic rate. Probably the selection 
the organisms may be differ- 


There is also the possibility that 


of food by 
ent. 
the composition of the zooglea on the 
different. No attempts 
determine differ 


two filters is 


were made to such 
ences. 
The effect of an additional 3 ft. of 


filter depth may be shown by compar- 


ing a 6-ft. filter with a combination 6- 
and 3-ft. filter with the same organic 
loading. This is illustrated in Table V. 

It will be noticed that with prac- 
tically the same B.O.D. loading, the 
filter removed consider- 
ably more B.O.D. than the 6-ft. filter, 
even though the hydraulic rate was 
higher. The effect of hydraulic rate 


combination 
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Flow (m.g.a.d.) 4.46 


ia | | 


B.O.D. 





Influent (p.a.f.d.) | 666 | i132 | 2,010 2,629 
Influent (lb. per cu. 0.41 82 | 1.25 1.63 
Effluent (p.p.m.) 21 | 2 36 71 
Removal (p.a.f.d.) | 578 | 1,12: 1,571 | 1,479 
Removal (%) 86.8 78.2 


Influent (p.a.f.d.) 
influent (Ib. per cu. yd. 
Removal (p.a.f.d.) 
Removal (%) 


Ammonia (p.p.m.) 
Nitrite (p.p.m.) 
Nitrate (p.p.m.) 
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FIGURE 7.—Solids removal in series filters. 
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FIGURE 8.—Ratios of removals, secondary to primary. 
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TABLE IV.—Comparison of Primary and Secondary Filters 








B.O.D. (Ib.) Solids (Ib.) Removal Ratios 





Secondary: Primary | B.O.D.: Solids 
Applied Removed Applied Removed — - 





Solids Primary Secondary 


| 
——|—_ | 
1.79 1.15 | 1.22 
0.64 0.22 36 oi | — 
3.59 2.15 -- | 1.18 
1.44 0.50 | 0.466 0.233 

5.41 2.80 | 

2.61 0.74 | 0.653 | 0.264 


= 
—) 
| 


2.20 
0.80 
1.39 


o_ 


2.32 





1.86 
6.65 
3.49 
8.66 | 
ages | 
6.17 | 


— — oF Ot 





of, OW = 


-_- & © 


7.08 2.98 
4.16* 0.88 





wnwnwa- bw 


0.996 | 0.295 


mt 








* excluding three runs when sloughing was excessive. 


upon B.O.D. removal has been previ- filters. There would probably be a 
ously demonstrated (7). difference in cost between the two 

An example may be cited to show the plants, varying with local conditions, 
advantages of series filtration over but it would be small. The important 
parallel filtration. Assume two filters advantage would be the 
in parallel, each of 0.1-acre area, and 
6 ft. deep. At the loadings shown in 
Table V the flow would be 1.78 : 
m.g.a.d., the loading would be 2,393 Conclusions 
lb., and the removal 1,379 Ib., leaving 1. Within the loading range of 1,000 
914 lb. discharged in the effluent. If, to 4,000 Ib. 
on the other hand, a primary filter 6 ft. 
deep and a secondary 3 ft. deep with- 
out intermediate sedimentation were _ (a) The B.O.D. removal increased 
selected. the area of each filter would from 636 to 1,426 lb. per acre-foot 
have to be increased by 33 per cent in per day at 3,000-1b. loading, but 
order to obtain the same volume. But dropped to 1,180 Ib. at 4,000-Ib. load- 
the series filters would remove 1,872 Ib. as . 

; : i (b) The percentage removal de- 
of B.O.D., leaving only 521 Ib. in the : age 

a. Pez) ; ereased consistently from 63.6 to 

effluent. Thus, the pollution discharged 28.7, resulting in a poorer quality 


by the series filters would be 43 per effluent ranging from 59 to 116 p.p.m. 
eent less than that from the parallel B.O.D 


increased 
treatment secured by the series filters. 


of 5-day B.O.D. per acre- 
foot per day applied to primary filters: 


\ 


(ec) Suspended solids removal in- 
TABLE V.—Comparison of Single- ereased from 523 to 1,348 lb. per 
and a Filtration acre-foot per day at loadings rang- 
=== ing from 814 to 3,207 Ib. per acre- 

B.0.D. foot per day. 
ee tag % (d) Roughing filters do not pro- 
MES-G-)) 1 oading | eergens duce a satisfactory effluent for dis- 


(p.a.f.d.) eae l charge. 
| (p.a.t.d.) 





1.904 | 1.149 | 576 2. The action of the primary filter is 
| 2,010 | 1,571 78.2 two-fold—partly flocculation of organic 
eat Ame 3 solids and partly biochemical oxidation 
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-whereas the action of the secondary 
filter is primarily oxidation. 

3. The relation between the B.O.D 
applied to and removed by the primary 
Within 


5-day 


filters is hyperbolic in nature. 

4,000 Ib. 
er acre-foot per day and hy- 
m.g.a.d., this 


loading limits under 
B.O.D p 
raulic rates up to 18 
equation 18 


L 


0.000468L + 0.84" 

ediate sedimentation in se- 
ion does not seem to be neec- 
e no abnormal sludge was 
tained. 

>. At the loadings used in these stud 
nitrification occurs in the pri 
filters Nitrification does occur 
1e secondary filters, but at a de- 
‘reasing rate up to loadings of 3,100 
lb. of 5-day B.O.D. per acre-foot per 
day. At this loading no nitrification 
was evidenced (Figure 2) 
6. At the same B.O.D. loading, series 
affords a higher 
than single-stage filtration, 


es no 


mary 
1 
[ 


in fT 


eet lecre f 
tration aegree Ul 
‘eatment 


ven at a higher hydraulic rate. 
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FEDERAL PERSONNEL CHANGES 


Lt. Colonel Floyd L. Berry is now 
Chief, Sanitary Engineering Section, 
Medical Service Corps, Department of 
the Army, Washington, D. C. Colonel 
Berry has served as Chief, Sanitary 
Engineering Section, Environmental 
Hygiene Branch, in the Preventive 
Medicine Division of the Office of the 
Army Surgeon General, Washington, 


D. C., since August, 1955. Berry will 


function in a dual capacity, continuing 
in his assignment within the Surgeon 
General’s office. 


Dr. Leonard A. Scheele, Surgeon 
General of the Public Health Service, 
has resigned after 23 years of Federal 
service in public health. He has ac- 
cepted the presidency of Warner- 
Chilcott Laboratories, a division of 
Warner-Lambert Pharmaceutical Co. 





ENUMERATION AND SURVIVAL OF HUMAN 
TUBERCLE BACILLI IN POLLUTED 
WATERS * 


I. DEVELOPMENT OF CULTURAL METHODS 
OF ENUMERATION 


By H. HEUKELEKIAN AND M. ALBANESE 


The presence of tubercle bacilli in 
sanatoria sewage and the survival of 
those bacilli in sewage treatment proc- 
under natural stream con- 
ditions are of considerable interest 
from the standpoint of the public 
health hazards involved. To detect the 
pathogen, these studies have utilized 
methods which may be classified in 
general as (a) animal inoculation and 
b) cultural. 

The animal inceulation method has 
the advantage of giving positive identi- 
fication of the pathogenic organisms 
by the development of tuberculous 
lesions but it is not a strictly quanti- 
tative method. The cultural method 
presents two problems: (a) suppres- 
sion of most, if not all, of the other 
bacteria without aiuterially affecting 
the pathogen and (b) identification of 
the pathogen from cultural and micro- 
scopic characteristics. 

The wide ratio of saprophytes to 
tuberculosis organisms found in pol- 
luted substrates, such as sewage and 
surface waters, makes the use of a 
selective cultural method imperative. 
The suppression of the pathogen may 
be accomplished by (a) pretreatment 
of the sample or (b) incorporation of a 
selective suppressing agent in the cul- 
ture medium. Pretreatment of sam- 
ples with acid, alkali, or antiformin is 
known to decrease the number of tu- 
berculosis organisms greatly. When 
done in the examination of sputum 


esses and 


* Paper of the Journal Series, New Jersey 


Agricultural 
University. 


Experiment Station, 


Rutgers 


samples for diagnostic purposes, per- 
haps this reduction in numbers is not 
serious provided the pretreatment does 
not produce 100 per cent destruction 
of the pathogen. Such methods are, 
however, unsuitable for quantitative 
purposes intended to evaluate the ef- 
fect of variables on the occurrence and 
survival of these organisms. The liter- 
ature does not reveal satisfactory selec- 
tive inhibiting agents for use in quan- 
titative determinations, other than in 
the method developed by Pramer, 
Heukelekian, and Ragotzkie (1) for 
the estimation of Mycobacterium avium. 
Therefore, before the study of the oce- 
currence and survival of tubercle 
bacilli could be undertaken, it was 
necessary to develop a suitable quanti- 
tative cultural method for their enu- 
meration. It should be emphasized 
that the present study is concerned 
with Mycobacterium tuberculosis (ho- 
minis). 


Experimental Methods and 
Procedures 


For the experimental work in con- 
nection with the development of a suit- 
able cultural method, a pure culture of 
Mycobacterium tuberculosis (hominis), 
H37Ry, obtained from the American 
Type Culture Collection, was used. A 
fresh subculture of this organism was 
prepared by growing it in Dubos 
liquid medium (2) containing 0.05 
per cent ‘‘Tween 80’’ and 0.5 per cent 
bovine albumin fraction. Dubos oleic 
acid agar was used as the basic medium 
in the studies. 
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The serial inoculations of the sam 
ple were made by: (a) spreading 1 ml. 
of the inoculum over the surface of 
solidified agar, (b) incorporating 1 ml. 
of the dilution in the melted medium 
in the plate, and (c) placing a droplet 
(0.025 ml.) on the surface of a solidi- 
fied agar surface according to the tech- 
nique developed by Fenner (3). All 
plates were incubated at 37° C. The 
incubation periods were two weeks for 
surface inoculation methods and four 
to six weeks for pour plate techniques 


Results 
Use of Antibiotics 


In the first experiment, two anti- 
biotics, penicillin and grisein, were in 
corporated in the agar medium sepa- 
rately in different concentrations and 
droplet inocula of suitable dilutions 
of Mycobacterium tuberculosis (ho 
minis) Hg;R, were placed on the sur- 
face of the solidified agar. The re 
sults of this experiment are given in 
Table I and they show that penicillin, 
up to 100 units per milliliter, had no 
effect on the numbers of the organism 


TABLE I.—Effect of Penicillin and Grisein 
on Mycobacterium tuberculosis 
hominis) H»R,* 


Number of 
Organisms 
millions 


(per ml.) | 
per ml.) | 


0 | 0.97 0 
5 | 1.15 10 
10 | 1.19 30 
25 | 1.09 50 
50 1.06 70 | 26 
75 | 0.96 90 | .20 
100 1.00 100 | 1.00 
125 0 | 125 0.83 
150 0 | 150 0.85 
175 | 0 175 0.75 
200 0 | 200 0.68 





* Antibiotics 
Dubos oleic acid agar and droplet inocula 


incorporated separately on 
placed on the surface of solidified agar. Aver- 
age results from duplicate counts showing 30 
to 100 colonies 
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used, but that 125 units per milliliter 
suppressed the organisms completely. 
Grisein had no suppressing effect on 
the growth of the pathogen; with 
higher concentrations of it, there was a 
gradual decrease in the number of 
organisms recovered. The inhibiting 
concentrations of both of these anti- 
bioties were found to be considerably 
higher for the human tuberculosis or- 
ganism than for Mycobactertwm avium 
CE): 

The increase in numbers of the tu- 
berele bacillus with the addition of 10 
to 90 units of grisein is considered sig- 
nificant, since the error in this method 
of counting according to Fenner (3) is 

15.8 per cent. The increase in the 
number of tubercle bacilli with these 
concentrations of grisein could be at- 
tributed to a loss of potency of this 
drug and its possible use for growth. 

The effect of penicillin and grisein, 
used separately and together, on the 
growth of sewage organisms is pre- 
sented in Table II. The suppression 
of the sewage saprophytes did not ex- 
ceed 50 to 60 per cent when using 100 
units of penicillin per milliliter of 
agar. There is no indication that 
grisein, up to 150 units per milliliter, 
had a suppressing effect on the sapro- 
phytes; in fact, there is again an in- 
the numbers of organisms 
with various concentrations of grisein 
over those obtained from the control 
plates. These results are in agree- 
ment with the previous observations 
made on the inerease in numbers of 
M. tuberculosis (hominis) with the use 
of grisein. It further appears that 
when grisein is used in conjunction 
with penicillin the degree of suppres- 
sion obtained by the latter is reduced. 

It was concluded that sufficient sup- 
pression of the sewage organisms could 
not be obtained by the use of these an- 
tibioties, either singly or together, at 
concentrations which would at the same 
time not materially affect the growth 
and the recovery of the pathogen. Ac- 
cordingly, a study was made of the ef- 


crease in 
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TABLE Il.—Effect of Penicillin and Grisein Used Separately and Together 
on the Growth of Sewage Organisms* 








Penicillin Grisein Penicillin and Grisein 








Growth of 
Dosage (units/ml.) Organisms 
(millions/ml.) 


Growth of 
Organisms 
(millions/ml.) 


Growth of 

Organisms 
(millions /ml.) Dosage 
(units/ml.) 


Dosage 
inits/ml 


| 
| 
| 
| 
| 


12 Days 
1.71 
2.14 
2.05 
1.94 


| 
| 
6 Days 12 Days Penicillin Grisein | 


6 Days 


2.24 | Be 
1,02 | 2.48 | ee 
0.99 | 56 | 

0.94 | 


Bas 
100 
100 
200 
200 | 
| 


1.68 
2.12 
2.03 
1.87 


0 2.07 
1.00 
0.96 
0.91 
0.62 | 


25 
50 





100 0.83 








* Culture medium—Dubos oleic acid agar medium 1 ml. portions of antibiotic and inoculum 
placed on opposite sides of petri dishes and melted agar poured over them. Concentrations of 
antibiotic expressed on the basis of actual concentrations in agar 


fectiveness for this purpose of other 
antibiotics, namely, terramycin hydro- 
chloride, terramycin sulfate, chloram- 
phenicol, and polymyxin B, when in- 
corporated in Dubos oleic acid medium 
in various concentrations. Droplets of 
serial dilutions of a pure culture of M. 
tuberculosis (hominis) were placed on 
the solidified agar. In another series, 1 
ml. of serial dilutions of sewage was in- 
eorporated in Dubos oleic acid agar 
containing different concentrations of 
the antibiotics. The results given in 
Tables III and IV show that: (a) 
polymyxin B was unable to prevent 


TABLE IIl.—Effect of Terramycin and 
Chloramphenicol on the Growth of 
Mycobacterium tuberculosis 
(hominis) HyR.* 








Number of Organisms 

(millions per milliliter) 
Antibiotic 
pg. /ml 


Chloram- 
phenicol 


Terramycin | Terramycin | 
Hydrochloride] Sulfate 
| 


2.39 2.39 2.39 
0 0 
0 0 
0 | 0 

l 0.79 


| 
1.37 | 
0.1 t t | 





* Growth on Dubos oleic acid agar. In tests 
with Polymyxin B, all plates were contaminated 
and no results are reported. 

+ Organisms were too 
counted 


numerous to be 


the growth of air-borne contaminants 
and thus was useless for the enumera- 
tion of the pathogen, (b) chloramphe- 
nicol did not affect the numbers of 
tubercle bacilli at concentrations of 
1.0 and 0.1 »g. per milliliter, but at 
the same time these concentrations did 
not suppress the growth of sewage or- 
ganisms materially (a concentration of 
10 pg. per milliliter was required to 
suppress the sewage organisms but 
this concentration also suppressed the 
pathogen); (c) 1 wg. per milliliter of 
terramycin sulfate gave a 42.7 per cent 
suppression of the pathogen and 59.5 
per cent reduction of sewage bacteria 
(a higher concentration, 10 pg. per mil- 
liliter, of this antibiotic gave nearly 
total suppression of both types of or- 


TABLE IV.—Effect of Terramycin and 
Chloramphenicol on Sewage 
Organisms* 





Number of Organisms 

millions per milliliter) 

Antibiotic 
pg./ml.) 


Chloram- 
phenicol 


2.25 2.25 
0 0 
0 0.05 
0.08 j 0.22 
1.14 2.05 
2.17 2.30 


wn le . | 
lerramycin | Terramycin | 
Hydrochloride} Sulfate 


a 


10 


0.1 


* Growth on Dubos oleic acid agar. 
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ganisms), and (d) terramycin hydro- 
chloride behaved in a manner similar 
to that of the sulfate. 

None of these antibiotics, therefore, 
was suitable for killing of 
sewage organisms for the purpose of 
enumeration of tuberculosis organisms. 


selective 


Pretreatment of the Sample by Heat 


An attempt was made to effect selec 
tive killing of the sewage saprophytes 
by heat treatment of the sample. A 
diluted suspension of a culture of M 
tuberculosis (hominis) was heated in 
a water bath at 50° C. for periods of 
20, 40, and 60 min. and the numbers 
of the pathogen determined. The r 
sults showed that heating to 50° C. for 
as little as 20 min. reduced the number 
of tubercle bacilli by 76 per cent, for 
10 min. by 91 per cent, and for 60 
min. by 100 per cent. Thus, heating 
the sample was not a suitable method 
of pretreatment for the purpose of 
enumeration of tubercle bacilli in pol- 
luted waters. 


Pretreatment of the Sample by Chlo- 
rination 


Controlled chlorination, when used 
to disinfect sewage, will give 99.9 per 
ent suppression of coliforms and 
other Sinee hu- 
man tubercle bacilli are known to be 
much more resistant to chlorine then 
nonsporeforming saprophytic 
isms, it was considered possible to ob- 


similar organisms. 


organ- 


tain selective killing of sewage organ- 
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isms by careful and controlled chlo- 
rination without materially affecting 
the human tubercle bacilli. 

To explore this possibility, a sample 
of sewage treated with various 
amounts of chlorine. After 
30 min., the residual chlorine was de- 
termined by the orthotolidine method 
and the residual in the balance of the 
sample was destroyed by the addition 
of sodium sulfite. 
were run. 


was 
known 


Three series of tests 
In Series I and IT sterilized 
sewage was inoculated with a pure 
culture of M. tuberculosis (hominis) 
The first of these two series was steri- 
lized by autoclaving and the second by 
ultraviolet light. In these two tests, 
there no contaminating organ- 
isms to contend with because each test 
was designed to show the effect, if any, 
eontrolled chlorination had on the 
pathogen itself. In the third series, a 
culture of the pathogen was added to 
unsterilized sewage. The results from 
the three series are presented in Table 
V. In the residual of 
0.1 p.p.m. of chlorine had no effect on 
the numbers of the pathogen, 0.2 
p.p.m. residual had only a slight effect, 
and 0.5 p.p.m. reduced the numbers 
by about 16 per cent. In the second 
series, the reductions of the number 
of tubercle bacilli were 23.5, 27.5 and 
41.0 per cent with 0.2, 0.5 and 1.0 
p.p.m. chlorine residuals, respectively. 
In the final series in unsterilized sew- 
age, the reductions were 27.0, 27.5 and 
39.5 per cent with 0.2, 0.5 and 1.0 


were 


first series, a 


TABLE V.—Effect of Chlorination of Sewage on the Recovery of Mycobacterium 
tuberculosis (hominis) H;;R,* and the Suppression of Sewage Organisms 


Substrate F 


Series I: Sterile sewage (autoclave) 
Series II: Sterile sewage (ultraviolet) 
Series III: Nonsterile sewage 
Series III: Nonsterile sewage 


Tr 


rganisms 


T.B 
T.B 
T.B 


sewage 


Organisms (millions/n 


0.34 
0.51 
0.65 


2.62 


0.36 | 0.32 
0.39 
0.44 
0.022 


0.28 
0.37 | 
0.435 
0.010 


* A suspension of H3;R, added to sewage in series I, II and 
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p.p.m. chlorine residuals, respectively. 
The last series also indicates that these 
residuals permitted the reduction of 
the numbers of sewage saprophytes by 
more than 99 per cent. 

Accordingly, for subsequent work 
using prechlorination as a pretreat- 
ment method of the sample, the pro- 
eedure selected and followed was to 
ehlorinate the sample to a residual of 
1.0 p.p.m. for 30 min. before dilution 
and plating for the purpose of enu- 
meration of tubercle bacilli. 


Pretreatment with Bradosol 


Since Mitscherlich, and 
reported the successful use 
of Bradosol, a quarternary ammonium 
compound, for the recovery of tu- 
berele bacilli from sewage, it was con- 
sidered advisable to determine the ef- 
fect of various concentrations of this 
compound on the recovery of tubercle 
bacilli and sewage saprophytes. Brad- 
osol was added to sewage and the sam- 


Wagener, 
Reuss (4) 


ple was allowed to stand for a period 


of 20 min. before dilution. Tubercle 
bacilli were enumerated by incorpor- 
ating 1 ml. of a serial dilution in 
Dubos oleie acid agar. 

The recovery of tuberele bacilli when 
artificially added to ultraviolet steri- 
lized sewage and the suppression of 
saprophytes in  unsterilized 
upon treatment with various 
concentrations of Bradosol are given in 
Table VI. When sewage was treated 
with 350 p.p.m. or more of Bradosol, 
there was no growth of sewage bac- 
teria on the plates inoculated with 1 
ml. of undiluted With this 
concentration of Bradosol, the recovery 
of tubercle bacilli was about 70 per 
cent; with 500 p.p.m. of Bradosol, the 
recovery was about 80 per cent. No 
mold growths were obtained at the 
higher concentration of Bradosol. 

The experiment was repeated two 
more times under essentially the same 
conditions using only 500 p.p.m. of 
Bradosol. Since the recoveries on the 
and third runs of tubercle 


sewave 


sewage 


sewage. 


second 
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TABLE VI.—Recovery of Mycobacterium 
tuberculosis (hominis) H;;R, and the 
Survival of Sewage Saprophytes 
by Pretreatment of Sewage 
with Bradosol 








Recovery of 
Tubercle Bacilli* 
oO 


( 


Saprophytes 
Remainingt 
(%) 


Bradosol 
(p.p.m.) z) 
eee } eS ee 
50 94.5 83 
100 90.5 48 
200 81.3 12 
350 69.6 ot 
500 79.0 
1,000 51.3 
2,000 42.0 
3,500 14.2 
5,000 <10.0 








* Pure cultures added to ultraviolet sterilized 
sewage. 

t Sewage not otherwise treated or inoculated 
with pathogen. 

t Indicates the absence of colonies in plates 
inoculated with 1 ml. of undiluted sewage. 


bacilli were 68 and 73 per cent, respec- 
tively, it was decided to select 500 
p.p.m. Bradosol because it would elimi- 
nate all contaminating organisms from 
the plates and enable the detection of 
tubercle bacilli in 1 ml. of undiluted 
sewage without interference from sap- 
rophytic organisms. The complete 
suppression of these organisms was 
considered more important than the 
somewhat incomplete recovery of the 
tubercle bacilli (70 to 80 per cent). 

The advantages of the Bradosol 
method over chlorination pretreatment 
of sewage for selective killing are as 
follows: (a) less time-consuming, (b) 
smaller volume of sample required 
and (c) the largest volume of a sewage 
sample in which the number of tuber- 
ele bacilli can be determined is 1.0 ml. 
instead of 0.1 ml. as in the chlorination 
method. 


Statistical Evaluation 


A suspension of M. tuberculosis (ho- 
minis) was diluted with 0.1 per cent 
bovine albumin in physiological saline. 
From this diluted stock, 10 identical 
series of dilutions were plated in dupli- 
eate in Dubos oleic acid agar medium. 
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TABLE VII.—Statistical Evaluation of the 


Replicate Plate Counts 
Dilutior 
Series 


Plate No. 1 Plate No. 2 
40 | 42 

37 7 

36 

37 

29 

35 

33 

27 

29 


10 33 


* Counts made in 10° ml. of sample. 
T Spoiled plates 


The primary data are given in Table 
VII. The standard deviation as cal- 
culated from these data is At 
the 95 per cent confidence limit, a sin- 
gle determination is + 37 per cent of 
the average value. 


+ 5.8. 


Identification of Cultures 


Colonies were picked at random 
from typical ones growing on plates 
inoculated with either artifically or 
naturally infected substrates and trans- 
ferred to Dubos ‘‘Tween 80’’, an 
albumin liquid medium. After a 10 
to 14-day period, the colonies were 
stained with acid-fast stain according 
to procedures recommended by the 
Biological Stain Commission. Of the 
24 samples, only six were found to be 
acid-fast negative (Table VIII). 

The small number of acid-fast nega- 
tive colonies is possibly due to the 





Substrates 


Naturally contaminated: 
Untreated sanatoria sewage 
Chlorinated sanatoria effluent 
Recovery stream 

Total 
Artificially contaminated sewage 


Total 
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effect of either prechlorination or 
sradosol pretreatment techniques af- 
fecting the staining characteristics. 
Two of the samples were micrococci. 
If the acid-fast cultures giving a nega- 
tive stain are taken as a basis for com- 
parison, the counts made by visual 
identification of the colonies on the 
plate average about 30 per cent higher 
than actual (6 acid-fast negative and 
18 acid-fast positive). In the arti- 
fically inoculated substrates, the dis- 
crepancy between the acid-fast nega- 
tive cultures and visual identification 
is smaller (2 out of 11 cultures or 
about 20 per cent). Again, in the 
breakdown of the naturally contami- 
nated substrates, only two out of a 
total of six cultures obtained from un- 
treated sanatoria sewage failed to give 
the positive acid-fast stain. In chlo- 
rinated sanatoria effluents, the discrep- 
ancy was greater (two positive out of 
a total of four samples) 
Twenty-seven cultures were trans- 
ferred to Lowenstein-Jensen egg me- 
dium slants and sent to the New York 
State Department of Health for identi- 
fication by guinea pig inoculations. 
These cultures were digested in 4 per 
eent NaOH for 30 min. to 4 hr. prior 
to staining and animal testing. Only 
8 out of 13 eultures obtained by inocu- 
lating a pure culture of the tubercle 
bacilli into sterile substrates gave posi- 
tive guinea pig reaction. It, therefore, 
becomes necessary to disregard the 
verification of tests attempted. Treat- 
ment of the cultures with NaOH was 
believed to be too drastic in comparison 


TABLE VIII.—Identification of Cultures by Acid-Fast Stain and Animal Inoculations 








| 
| Positive Cultures on 
| Animal Inoculation 


Acid-Fast Positive 
Cultures 
(no.) 


Cultures 
(no.) 
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with the same techniques applied to 
sputum samples containing mucous 
material. 


Discussion 


The principal difficulty in develop- 
ing a suitable selective culture method 
for enumeration of the tuberculosis 
bacillus in sewage or polluted waters 
is caused by the relatively few num- 
bers of the pathogen as opposed to the 
very high numbers of saprophytic or- 
ganisms. Granting that the pathogen 
has a higher resistance to selective 
agents than the saprophytes, the prob- 
lem still is one of how to inhibit almost 
completely the growth of saprophytes 
without materially reducing the num- 
ber of pathogens. Sewage contains ap- 
proximately a million saprophytic bac- 
teria per milliliter which can, by a 
suitable selective agent, be suppressed 
by 99 per cent. The 10,000 surviving 
bacteria per milliliter would produce 
10 colonies in a 1 to 1,000 dilution. At 
least 1,000 tuberculosis bacilli per mil- 


liliter would have to be present to pro- 
duce one colony among the 10 sapro- 


phytic colonies. If, under assumed 
conditions, the numbers of the tuber- 
culosis organism were 100 per milli- 
liter, the organisms would probably 
not appear on the plates. The pres- 
ence of fewer than 1,000 tuberculosis 
organisms per milliliter can only be 
detected by suppressing the sapro- 
phytes more than 99 per cent without 
materially affecting the number of 
pathogens. This was the aim of this 
investigation but by the incorporation 
of a number of antibiotics in the ecul- 
ture medium, this rigid requirement 
was not fulfilled. 

Pramer, Heukelekian, and Ragotzkie 
(1) showed that a selective medium 
with the incorporation of five units of 
penicillin and 50 units of grisein per 
milliliter of medium had little if any 
effect on the recovery of Mycobacter- 
ium avium. However, these antibiotics 
did suppress the sewage organisms by 
74 to 82 per cent. Concentrations of 
penicillin greater than five units per 
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milliliter resulted in substantial re- 
ductions in the recovery of Mycobac- 
terium avium, 40 units per milliliter 
reduced the recovery to 18 per cent. 
The results of the present study indi- 
cate that M. tuberculosis (hominis) 
can withstand concentrations of peni- 
eillin as great as 100 units per milli- 
liter without affecting their recovery. 
As grisein had apparently deteriorated 
by storage, it had no effect on the re- 
eovery of the pathogen or the sapro- 
phytes up to 100 units per milliliter. 
In fact, the recovery of saprophytes 
with 100 units of grisein per milliliter 
of medium was higher than when no 
grisein was used. The antibiotic effect 
on the saprophytes was confined only 
to the penicillin which at 100 units per 
milliliter did not reduce their numbers 
sufficiently to permit the use of low 
dilutions of the sample for counting 
the pathogens without serious inter- 
ference from overgrowth of sewage 
saprophytes. A fresh preparation of 
grisein was not obtainable. 

Chlorination of the sample under 
carefully controlled conditions for se- 
lective killing prior to plating did not 
prove highly successful because 1.0 
p.p.m. residual chlorine produced only 
a 99 per cent suppression of sewage 
saprophytes, whereas it reduced the 
recovery of the pathogen by as much 
as 50 per cent. 

Pretreatment of the sample with 
500 p.p.m. of Bradosol gave complete 
suppression of sewage organisms with 
recoveries of 70 to 80 per cent of the 
pathogen. By this method, it is pos- 
sible to detect the presence of tubercle 
bacilli in as little as 1 ml. of the origi- 
nal sample. 

The verification of 27 cultures, se- 
lected as tuberculosis organisms by 
acid-fast staining, indicated that either 
the staining ability of the pathogen 
was altered by pretreatment methods 
or that visual identification did not 
exclude a certain number of sapro- 
phytic bacteria with similar colonial 
characteristics. 
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Summary and Conclusions 


Several selective culture methods 
were tried for the enumeration of rela- 
tively few tubercle bacilli among a 
great many saprophytic bacteria com- 
monly found in sewage and other pol- 
luted waters. The methods tried were: 
(a) antibiotics incorporated in the cul- 
ture medium, (b) pretreatment of the 
sample by controlled chlorination and 
(c) pretreatment of the sample with 
Bradasol, a quartenary ammonium 
compound. The eriterion of 
was the complete suppression of the 
saprophytes with an effect on the re 
covery of tuberculosis organisms such 
that the presence of the pathogen could 
be detected in 1 ml. 
sample. The work was done by the 
artificial inoculation of sewage with 
M. tuberculosis (hominis). 

The results warrant the following 
conclusions : 


success 


of the original 


1. Penicillin and grisein used in the 
amount of 100 units per milliliter did 
not effect the recovery of the tubercu- 
losis organism but at 125 units per 
milliliter, these antibiotics completely 
suppressed it. At 100 units per milli 
liter sufficient suppression of sewage 
saprophytes was not obtained to make 
a suitable selective culture medium. 

2. Terramycin (both the hydrochlo 
ride and the sulfate) in amounts of 1 
pg. per milliliter greatly reduced the 
recovery of the tubercle bacilli but it 
did not satisfactorily suppress the sew- 
age organisms. With a 10 zg. 
milliliter concentration, the 


per 
suppres- 
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sion of sewage organisms was substan- 
tial (96 per cent) but so was the sup- 
pression of the tubercle bacilli. Chlor- 
amphenicol was even less satisfactory 
than terramycin. This antibiotic in 
concentrations of 1 yg. per milliliter 
had very little effect on either the sew- 
age saprophytes or the tuberculosis 
organism; 10 pg. per milliliter sup- 
pressed the pathogen completely and 
the saprophytes substantially. 

3. Chlorination of the sample to an 
orthotolidine residual of 0.5 and 1.0 
p.p.m. after a 30 min. contact period 
gave a substantial but not complete 
suppression of sewage saprophytes and 
50 per cent recovery of M. tuberculosis 
(hominis). 

4. Pretreatment of the sample with 
500 p.p.m. of 20 min. 
gave a complete suppression of sewage 
saprophytes and a 70 to 80 per cent 
recovery of M. tuberculosis (hominis). 


3radosol for 
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(ny method of measuring the filtera- 
bility of sewage sludges should lead to 
the evaluation of a parameter which is 
independent of as many variables as 
possible. Such a parameter will be of 
fundamental importance in comparing 
the resistance to filtration of different 
types of sludges and this will enable 
operators and research workers to com- 
pare sludges in an unbiased fashion. 
It would be of added value if such a 
parameter could be used in applying 
laboratory-scale results to full-scale de- 
sign and the operation of vacuum filters 
and filter presses. 

The Buchner funnel test in its present 
forms does not fulfill the foregoing con- 
ditions. The test usually involves fil- 
tration of a given volume of sludge 
under a vacuum until a cake is formed 
which eventually cracks with a result- 
ant drop in pressure. The time re- 
quired to reach this point is frequently 
taken as a measure of the filterability 
of the sludge. It is obvious that the 
time taken before the cracking point is 
reached depends upon a number of vari- 
ables. These are as follows: 


‘he initial solids content of the 


2. The volume of sludge filtered. 

3. The area of the filtering surface. 

1. The pressure at which the filtra- 
tion is carried out. 


In much of the published work on 
filtration these variables are not re- 
corded, and even in the cases where 
some of the variables are recorded it is 


not possible to make any direct com- 
parison of the results obtained. Table 
I, giving examples of Buchner funnel 
tests carried out by various workers, 
illustrates the wide variation in the 
variables listed. 

Results obtained by these methods 
are not directly applicable to full-scale 
operation and can only serve the pur- 
pose of arbitrarily comparing the treat- 
ments which any one worker has used. 
In view of the disadvantages of the 
Buchner funnel test as generally used 
and the additional drawback that it is 
not possible to compare sludges having 
small differences in filterability, a point 
of importance when carrying out re- 
search on sludges, an investigation into 
the application of the various theories 
of filtration to the filtration of sewage 
sludges was carried out. 

The theoretical approach to filtration 
started by Hatschek (9) in 1908 was 
developed by various workers until it 
was satisfactorily completed by Ruth 
and his co-workers (10) and Carman 
(11) (12). Ruth and Carman pub- 
lished their results in 1933 and estab- 
lished the fact that the relation between 
filtrate volume obtained and time of 
filtration was of parabolic form. These 
workers also introduced the concept of 
“average specific resistance.’ This 
term denotes the resistance of unit 
weight of cake per unit area at a given 
pressure and is expressed in centimeters 
per gram. Average specific resistance 
is a parameter having the properties 
previously described. It was not until 
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Worker 


Date 
| 


1923 | Wilson 


TABLE I.—Comparison of Variables Listed in Sludge Filtration Tests 


Ref 


SEWAGE 


Diam- | 
eter of 
Funnel 


V ol. of 
Sample 


500 ec 


AND 


| 
Pressure 
| (em. Hg 


INDUSTRIAL 


| Medium | 


Filter 


Initial 
Sludge 
Solids 


| After ad- 


WASTES 


Solids 


Copeland, 
and Heisig 


| 300 ee 
after mix- 

| ing with 
reagent 

| 200 zg. of 

| sludge 
made up 
te 220 g. 
with aq 
dist. or 
coagulant 


100 mil 


300 mil 


51 em 
20 in 


1938 that a theoretical approach was 
mentioned in the literature by Thomp- 
son and Proctor (5). These workers, 
after referring to Carman’s work, con- 
tinued to use the Buchner funnel tests 
using arbitrary conditions. Coackley, 
however, in 1953 and 1955 (13) (14) ap- 
plied Carman’s theory to sludge filtra- 
tion and found that the concept of 
specific resistance was of great use in 
expressing filtration results. 

Recently, interest has again turned 
to the theoretical approach to filtration. 
In 1952 Halff (15) made an attempt to 
describe filtration by analogy with clas- 
sical heat transfer theory. This ap- 
proach does not allow the use of so 
simple a concept as average specific 
resistance and it is more difficult to 
apply to the results than Carman and 
Ruth’s theory. Grace (16) retained 
the concept of average specific resist- 


| No. 4 


| dition of 
coagulant 
and dilu- 
tion: 1% 
| solids 


No. 3 
What- 
man 


Not 
What- | given 


man 


No. 4 
What 
man 


Adjusted 
to 0.70% 
dry 
organic 
matter 


No. 3 Not 
What Zz 
man 


ven 


No. 4 
What- 


man 


Elimi 
nated by 
filtration 
rate 


Wool 
cloth 


Not 
always 


given 


Not 
given. 


of filtrate 
recorded 


Can be 
deduced 
from 
results 





| Not 


| given 


Given in 
most 
cases 


Given 


Total vol. 
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Reported 
as 


Time to 
cracking 


Filtration 
rate 


Time to 
obtain 
85 ml. of 
filtrate 


| Time to 


cracking 


| Filtration 
| rate: g. 


dry sludge 


solids 


| filtered 
| per min 


| 


Time to 
cracking 


Notes 


| Alteration 
of filter area 
and pressure 
alter the 
constant of 
proportion- 
ality 





| Filtration 
| rate in ce. 
per sec 


Used for 
| activated 
| sludge 


Approx 

1/5th full- 
| scale time 

to press 


| Filtration 
| rate in 
| g. per min 


Thickness 
| of cake 
given in the 
| results 


ance, but his method for obtaining a 
value for this quantity from compres- 
sion-permeability data has the disad- 
vantage of being time consuming when 
applied to sewage sludges. A much 
greater disadvantage, perhaps, is that 
it involves the use of apparatus not 
generally available in sewage works 
laboratories. 

The theories of Ruth, Carman, Halff 
and Grace are briefly described in the 
next with the differences in 
approach indicated. 


section, 


Theories of Filtration 
Theories of Ruth and Carman 


Ruth and Carman agree about the 
treatment for rigid cakes, showing that 
filtration results follow a parabolic law. 
Poiseuille’s law and D’Arcy’s law for a 
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bed of fixed thickness can be combined 
and written as follows: 


dV... Pa 
— = —— (1 
dé uR ) 
in which 

dV 


6 rate of flow of liquid across the 
( 


bed; 


P = pressure difference across the 
bed; 


= area of the bed; 
: viscosity of the filtrate; and 


: a resistance proportional to the 
thickness of the bed. 


If, for a rigid cake, the resistance of 
unit weight of the cake per unit area is 
r’’ and if v is the constant of propor- 
tionality between the volume of filtrate 
and the volume of solids deposited 
therefrom 

rr’ ve 


R= A 


(2) 
in which V is the volume of filtrate. 
Substituting this value in Eq. 1 and 
integrating gives 


Ruth then discusses the distribution of 
pressure, and consequently voids or per- 
meability for a compressible cake, and 
concludes that there is insufficient in- 
formation to derive, theoretically, an 
equation relating rate of flow to pres- 
sure. He shows that in experimental 
filtration all sludges, whether compres- 
sible or not, conform to the relation 


(V + C)? = K(O + 4) (4a) 
in which C represents the volume equiv- 
alent to the initial resistance of the 
cloth together with the volume required 
to fill the filtrate lines, etc., and 6 rep- 
resents the time for this to take place. 
It is then shown that from experiment 
all materials act as if a constant average 
resistance is added for equal volumes of 
filtrate discharged; thus a value for 
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average specific resistance is obtained. 
The constant K in Eq. 4a has the value 


_2PA? 


urv 


K (4b) 


2P A? 
ukv 


(5) 


Ruth’s value of v is based on the 
assumption that equal weights of fil- 
trate deposit equal weights of solids, 
and that this can be found from a 
knowledge of the solids left in the cake 
when filtration is complete. (Taken to 
be the stage of cake crack.) This raises 
the difficulty that filtration may be 
stopped at different stages (that is, be- 
fore cake cracking) and yet a cake will 
have formed in which all the solids are 
embraced. The value of v may be 
written as 


_ p (100 — C,) (100 — Cy) 
100(C; — Cy) 


v 





(6) 
in which 
density of the filtrate; 


initial moisture content of the 
sludge; and 


Cy = final moisture content of the 
cake. 


This suggests that specific resistance is 
dependent on the final solids in a cake, 
and that if a filtration is stopped at 75 
per cent moisture in the cake the value 
of the specific resistance would differ 
considerably from the value obtained 
if the filtration were continued to 70 
per cent moisture. 

If the assumption is again considered, 
it will be seen that the weight of solid 
in the cake must be accompanied by an 
equivalent weight of liquid. Hence, 
the weight of the solid deposited in the 
cake will be proportional to the total 
weight of liquid or 


If C;, the final cake moisture, did not 
vary, Eqs. 6 and 7 would vary identi- 
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cally with C;. However, variations in 
C,; alter Eq. 6, suggesting that the deri- 
vation of v is based on false premises. 

Carman’s approach (11) is different 
from that of Ruth in that he assumes 
that the pressure distribution through 
the cake is known. It is further as- 
sumed that specific resistance changes 
through the cake with pressure in the 
same way that the average specific re- 
sistance for the whole cake changes with 
pressure. He also considers the resist- 
ance and compressibility of the filter 
cloth separately, whereas Ruth shows 
them as an equivalent initial volume 

Carman assumes that the specific re- 
sistance at a point in the cake varies 
according to the formula 


r= 7,P* 
or, alternatively, 


= re(] T aP) 


in which S and a are constants, and 
that for either type of compressibility 
equation the rigid cake formula holds 
when the variation of r with P is taken 
into account. 

Carman’s basic equation for a rigid 
cake is 


dV P A? 


de u(r;xuV+RA) 
in which R is the initial resistance per 
unit area for a liquid of unit viscosity. 
Integration at constant pressure gives 


ae 


a+ pa 


LT,v 


Eq. 10 gives a straight line when 7 
plotted against V with a gradient 
> uTrt 

b = 


2 P A? 
is obtained by substitution in 


The specific resistance, 7 


2 P A? 
—— p, 


T ; = 
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In any experimental determination of 
r,@and V should not be measured from 
the beginning of filtration. It is nec- 
essary to record the filtrate volume 
after a thickness of cake having a re- 
sistance equal to the resistance of the 
filter cloth has been deposited. This 
reduces the errors introduced by assum- 
ing that the compressibility of the cloth 
is the same as that of the sludge. Car- 
man indicates that although it is pos- 
sible to obtain values of the initial 
resistance from the experimental re- 
sults, the values will not be very accu- 
rate. This is not important, however, 
as the function of this term is to suggest 
the correct mode of plotting the results 
to obtain accurate and consistent val- 
ues of r. 

Eq. 8 is also applicable to compres- 
sible cakes like those obtained from 
sewage sludges if r; is regarded as a 
function of P. It is easier to express 
the sludge concentration by weight of 
dry cake solids per unit volume of 
liquid, c, than by volume of cake per 
unit volume of filtrate, ». Eq. 8 there- 
fore becomes 


dV PA? 


dé r u(reV + RA ) (11 ) 
rw, whence 


2PA? 
= ——} 


in which re = 


P 
uc (12) 
The similarity of Eqs. 5 and 12 is ap- 
parent. The equation used by Ruth 
in plotting filtration results is the differ- 
ential equation derived from Eq. 4; 
that is, 


2(V + C)dV = Kado. 
This may be expressed as 
av \aV' 0 
= + 


db K K (13) 


de . " 
Values of qy are plotted against V and 


a straight line is obtained of slope 2/K 
and having a negative intercept, C, on 
the V axis. 
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Ruth and Carman differ in their 
methods of expressing the pressure rela- 
tions. Carman adopts r = r:P* and 
Ruth adopts r = re(1 + r:P%). Both 
of these equations are empirical, based 
upon experimental results. Carman ad- 
mits that his formula is not perfect and 
shows curves for very compressible ma- 
terials in which deviations from the 
formula occur. Ruth states that his 
equation does not enable low compressi- 
bilities to be evaluated with any degree 
of accuracy (for a rigid cake S = 0) 
and suggests that S should equal unity 
for low compressibilities. This is anom- 
alous, as S = 1 denotes a completely 
compressible cake. For this reason 
Carman’s relation is to be preferred. 


Fourier-Type Equation 


In 1952 Halff (15) found poor corre- 
lation between theoretical and practical 
results on rotary vacuum filters using 
the equations of Ruth (17) and Walker 
et al. (18). Hefound that Ruth’s equa- 
tion was to be preferred, but that it 
still did not predict the results accu- 
rately for sewage sludge. Halff devel- 
oped an approach based upon Terzaghi’s 
theoretical treatment of the consolida- 
tion of soils. 

The derivation of Halff’s equation is 
rather complex, but a study of the 
derivation establishes the fact that fil- 
tration follows the parabolic relation- 
ship until the cake reaches 80 per cent 
filtration or consolidation. For vac- 
uum filtration there can be little con- 
solidation before cake cracking occurs, 
although in a pressure filter a reasonable 
amount of consolidation may occur 
towards the end of a run. Halff’s ap- 
proach is more difficult to apply than 
that of Carman and Ruth and the de- 
pendence of the coefficient of filtration 
upon final cake moisture is a serious 
disadvantage. 


Specific Resistance from Compression- 
Permeability Data 


In 1953 Grace (16) published three 
papers dealing with filtration and cen- 
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trifugation. The first two describe a 
method for arriving at a value for the 
specific resistance. The principle in- 
volved in Grace’s approach is the meas- 
urement of specific resistance, rp, for a 
cake with uniformly. applied pressure 
stress, p, which is obtained by consoli- 
dation of the cake at that pressure and 
the subsequent determination of its per- 
meability. He then obtains an expres- 
sion for average specific resistance of 
the cake which depends upon the pres- 
sure drop across the cake, P2 — P;; an 
expression for the pressure drop across 
the septum, P;— Po, involving a knowl- 
edge of the septum resistance is deter- 
mined from a separate permeability ex- 
periment. This enables P; — P, to be 
evaluated as 


P,—P\= (P2- P») — (P,;—Po) 


in which 


(14) 


P, = hydraulic pressure on discharge 
side of filter medium; 


P, = hydraulic pressure on cake side 
of filter medium; and 


P, = hydraulic pressure at exposed 
surface of filter cake. 


The relation for average specific re- 
sistance is 


| Se dP b P, ae P, 
0 


Tp r 


(15) 


The left-hand side of this Eq. 15 is inte- 
grated by Simpson’s Rule using the 
compression-permeability data for the 


variation of i. with p, hence the value 
Pp 

of r is obtained. Experiments have 

shown that values of specific resistance 

obtained in this way are within +10 

per cent of the values obtained from 

constant pressure filtrations. 

Grace suggests that the compression- 
permeability method of determining 
specific resistance should be used for 
the following reasons: 

1. The determination of permeability 
over a complete range of pressures can 
be completed in a day. 
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2. The 


specific 


method enables the average 
resistance at any particular 
pressure within the range to be calcu- 
lated and also takes into account the 
variation of compressibility at high 
pressures. It is shown that the varia- 
tion of compressibility with pressure up 
to 2,700 lb. per sq. in. is not straight- 
forward and that there is no relation- 
ship which will hold over the whole 
range. 


In applying Grace’s method to sew- 
age sludges it has been found that a 
full range of tests cannot be carried out 
in one day. Grace states that consoli- 
dation occurs in periods of 2 to 15 min 
In the case of sewage sludges periods of 
between 1 and 2 hr. are required to 
reach 90 per cent consolidation, and in 
many cases it is 24 hr. before the cake 
is fully consolidated. This greatly in- 
creases the length of time required to 
The calculations 
involved are also laborious and involve 
a considerable amount of time. 


carry out the tests. 
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Choice of Suitable Theory 


From this brief summary and criti- 
cism of the filtration theories readily 
applicable to sewage sludges it can be 
seen that the simplest and most easily 
applicable theory is that of Carman. 
Consequently, it was decided to see 
whether experimental results would jus- 
tify a more common usage of Carman’s 
theory and the concept of average spe- 
cific resistance. 


Experimental Use of Carman’s Theory 


Apparatus 


For routine laboratory work and for 
most research projects a simple piece of 
apparatus similar in most respects to 
the apparatus (Figure 1) used for Buch- 
ner funnel tests may be used. It can 
be seen from the theory that the re- 
quirements of the filtration tests are 
that (a) the filter area must be known 
accurately, (b) the pressure at which 
the filtration is carried out must be 


FIGURE 1.—Adaptor for Buchner funnel. 
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FIGURE 2.—Pressure filter assembly. 


known, (c) the volume of filtrate must 
be measured at time increments from 
the commencement of the filtration test, 
(d) the ratio c must be determined 
(that is, the quantity of solids associ- 
ated with 1 ml. of filtrate), and (e) the 
viscosity of the filtrate (this may, ex- 
cept in the case of very accurate work, 
be taken as that of water at the same 
temperature). The variables governed 
by the filtration equipment are as 
follows: 


1. The filter area, which may be de- 
termined by direct measurement. 

2. The pressure, which is readily kept 
constant by attaching a reservoir to 
the vacuum line, the pressure being 
measured by a mercury manometer at- 
tached to the reservoir. 

3. The rate of filtration, obtained by 
measuring the volume of filtrate at 
known increments of time. The filtrate 
volume is found by using a measuring 
cylinder with a side arm instead of the 
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usual filter flask. If difficulty is ex- 
perienced in obtaining measuring cylin- 
ders with a side arm, a connection such 
as that shown in Figure 1 may be readily 
made. This adapter has the advantage 
of enabling different sizes of funnel and 
measuring cylinder to be used inter- 
changeably so that varying quantities 
of sludge may be used, depending upon 
the rapidity of filtration. 


The results given in this paper were 
obtained with a piece of equipment de- 
signed to operate up to high pressures 
so that the behavior of sludges at pres- 
sures greater than atmospheric could be 
studied 

Figures 2 and 3 show the filtration 
vessel. The body, made from brass, 
was 9 in. long with an internal diameter 
of 3$in. Four thumb screws were pro- 
vided at each end for quick assembly 
and dismantling. All the tappings were 
made through the top flange. A filling 
hole with a coarse thread was provided 
so that after pouring the sample into 
the vessel it could be closed rapidly 
The pressure relief valve was necessary 
to release the pressure at the end of an 
experiment. The funnel assembly was 
designed to give adequate support to 
the filter medium while providing the 
shortest possible path for the filtrate. 
The filtrate was collected in a measur- 
ing cylinder of suitable size. 
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Experimental Technique 


In the case of the Buchner funnel 
modification the tests were carried out 
as follows. A moistened filter paper 
was placed in the funnel and the vac- 
uum applied so that the paper was in 
close contact with the funnel. The 
vacuum was then switched off. The 
sample of sludge under test was poured 
into the funnel and then the vacuum 
was slowly applied until the required 
pressure was attained. The volume of 
filtrate coming off the sample was then 
measured, after a suitable time had 
been allowed for a cake to form, every 
minute for 10 min., and then at 2-min. 
intervals for another 10 min. In the 
case of a well-conditioned sludge a large 
funnel and measuring cylinder were 
used so that a large volume of sludge 
could be used, thereby giving an in- 
creased depth of cake in order to enable 
sufficient readings to be taken to plot 
the graph. 

When the second piece of apparatus 
was used the following procedure was 
adopted. The clean filter barrel was 
fixed tightly to the top flange by the 
four thumb screws, a funnel was placed 
in the filling hole, and the pressure relief 
valve was opened. The sludge sample 
was prepared and a suitable volume 
placed in a beaker. The funnel with 
the perforated disc and with the two 


FIGURE 3.—Pressure filter parts, including drilled stainless steel supporting disc, funnel, 
filter body, gauzes, hard rubber packing ring, filter cap, and top flange plate. 
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gauzes in position was held under run- 
ning water until thoroughly wet. A 
filter paper was then placed on the 
gauze. The funnel was fixed tightly to 
the filter barrel by four thumb screws 
and a suitable measuring cylinder was 
placed below the funnel outlet. The 
sample was then poured through the 
filling funnel and the stopelock started 
at —2 min. The funnel was removed, 
the filter cap closed, and the pressure 
inside the vessel raised to the required 
value. The filtrate volume was again 
measured at 1l-min. intervals for the 
first 10 min. and then at 2-min. inter- 
vals for a further 10 min. It was con- 
sidered that, in general, the time from 
—2 min. to zero was a suitable length 
of time to allow for the formation of a 
cake with a resistance equal to or 
greater than that of the filter medium. 
By adopting the procedure of wetting 
the gauzes and filter paper, no time lag 
was noted between applying the pres- 
sure and the appearance of filtrate, as 
the first drop of filtrate expelled its 
equivalent volume from the water held 
by the gauzes. 


Method of Calculating Specific Resistance 


6 : 
The graph of y versus V is plotted 


from the experimental results. The 
volumes of filtrate used are obtained by 
subtracting the volume obtained be- 
tween —2 and 0 min. from all the sub- 
sequent readings. This allowed for the 
initial cake to form. The slope of the 
graph is measured and r is calculated 
from Eq. 12, in which P is the pressure, 
in grams per square centimeter; A is 
the area, in square centimeters; u is the 
viscosity of the filtrate, in poises; and 
c is the ratio of grams dry cake solids 
per grams of liquid in the sludge before 
filtration. This is taken to be equal to 
the weight of solid per volume of liquid 
where the density of the liquid is 1 g. 
per cubic centimeter. Hence, the units 
of ¢ are in grams per cubic centimeter. 
It was assumed that the loss in weight 
on drying the sludge on a steam bath 
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and then at 105° C. to constant weight 
gave the weight of liquid associated 
with the solids. 


Example of calculation : 








6 
Time V Corrected - 
(ml.) v* ‘ 
(sec./ml.) 





0.0 — — 
0.0 — 
1.3 46.3 
2.3 52.3 
3.1 58.0 
4.0 60.0 
4.6 65.2 
5.2 69.4 
5.8 72.5 
6.3 76.2 
6.9 78.3 
7.4 81.0 
: 8.3 86.7 
840 . 9.2 91.3 
| 960 f 10.0 96.0 
| 1,080 | 10.8 100.0 
| 1,200 | 11.5 104.2 
Pressure of filtration, P = 10 Ib./sq. in. 
= 703 g./sq. em. 
Filtrate viscosity, u = 0.011 poise. 
g. solid 
ml. liquid 

















Solids content, c, = 0.075 g./ml. 


6 , 
Slope from plot of y vs V = 5.73 sec./em.® 


Filter area, A = 44.2 sq. cm. 
2 X 703 X (44.2)? X 5.73 
0.011 X 0.075 
= 1.9 X 10” cm./g. 


r 





* Total filtrate volume less volume at 0 sec. 


Examination of Variables Affecting r 


The first variable examined was the 
time required for carrying out the fil- 
tration test. A series of experiments 
was carried out in which samples from 
the same batch of sludge were filtered 
for periods of 20 min., 70 min., 20 hr., 
and 43.5 hr. The specific resistances 
obtained from the slope of each graph 
are given in Table II. 

The agreement between the results is 
quite satisfactory, hence a standard fil- 
tration period of 20 min. was adopted for 
each experiment on untreated sludges. 
In the case of conditioned sludges which 
filter rapidly, readings were taken more 
frequently (for example, every one-half 
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TABLE II.-—Specific Resistance at Various 
Test Times 


| 


| 
| 


Specific 
Resistance 


2.3 X 10" 
2.88 2.4 X 10" 
2.76 2.3 X 10" 
2.58 | 2.2 X 10° 


20 min. 
70 min 
20 hr 

43.5 hr. 


minute) for a shorter period. Easily 
filtered sludges were tested in the pres- 
sure filter, where an initial depth of 
sludge of up to 9 in. could be used. 


Repeatability of Experiments 


It was found from a large number of 
experiments, carried out in triplicate, 
that the values for specific resistance 
agreed within +2 per cent. 
Variation of Specific Resistance with 
Solids Content 


Several tests were carried out to deter- 
mine the effects of solids content on the 
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value of specific resistance. Figure 4 
shows the effect of dilution of a thick- 
ened digested sludge by tap water, 
supernatant liquor, and distilled water. 
It can be seen that a drop in specific re- 
sistance occurs which is outside experi- 
mental error. Carman’s theory does 
not account for this drop, which may 
be due to variation in the state of pep- 
tization of the particles. The fall in 
specific resistance is not sufficiently 
great, however, to reduce the value of 
the results. 


Effect of Pressure 


As sludge is a compressible material, 
a series of tests was carried out to find 
out how specific resistance varied with 
pressure. Carman states that an em- 
pirical equation having the form r; = 
rP* expresses the variation of specific 
resistance with pressure. This equa- 
tion may be put in the form log. r = 
s log. P+ K. If log. r is plotted 
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FIGURE 4.—Effect of dilution on specific resistance. 
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TABLE IIl.—Effect of Pressure on 
Specific Resistance 








Specific Resistance 


Pressure (cm./g.) 


5 4.7 X 10° 
10 74 X 10° 
15 9.4 X 10° 
20 1.25 X 10° 











against log. P, a curve of slope s is ob- 
tained, where s is the coefficient of com- 
pressibility. When s = 0, r = 1,; that 
is, specific resistance is independent of 
pressure and the sludge is incompres- 
sible. The greater the value of s, the 
more compressible is the sludge. Table 
III gives the values of specific resistance 
obtained at various pressures for a 
sample of digested sludge. By plotting 
logio (pressure) versus logio (specific re- 
sistance), s is found to be 0.74. 
Experiments on other samples of 
sludge have shown that the relation 
yr = r,P* holds for all types of sludge. 
The following values have been found: 


Type of 
Sludge 


Range in 
Value of s 
0.70 to 0.86 
0.60 to 0.79 
0.87* 
0.80t 


* Only one sample examined. 
+t Two samples examined. 


Digested 
Activated 
Raw 
Humus 


Applicability of Carman’s Theory 


It can be seen from the results in the 
previous section that Carman’s theory 
gives an exact measure of the filtera- 
bility of a sample of sludge. To test 
its usefulness in evaluating laboratory 
results, a series of tests was carried out 
in which samples of digested sludge 
were treated in various ways and the 
filterability determined in terms of spe- 
cific resistance. Tables IV and V and 
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TABLE IV.—Comparison of Aluminum Chloro- 
hydrate and Ferric Chloride as 
Coagulants for Elutriated 

Digested Sludge 








Coagu- 
lant} 


Treatment Specific 





Before elutriation 
Coagulant FeCl, 


Elutriation 
Elutriation and 
aluminium 
chlorohydrate 0.22 
0.86 
1.32 
2.20 
5.36 
8.60 


Elutriation and 

ferric chloride 1.68 
4.21 
6.77 
9.30 


13.50 


' As percentage of total sludge solids. 














Figure 5 show the results of some of 
these experiments. It can be seen from 
these results that specific resistance in- 
dicates the efficiency of any treatment 
more accurately and effectively than 
does the time required for the cake to 
crack. Aluminum chlorohydrate is a 
new coagulant kindly supplied for ex- 


TABLE V.—Comparison of Coagulation and 
Coagulation Plus Freezing and Thawing ' 





Specific Resistance 


Coagulant*® ihenpanas 





Unfrozen Frozen 


0 3.6 X 10%” 
0.29 1.5 
0.58 | 6.8 
0.87 1.7 


1.9 X 10" 
x 10” 7.4 X 10° 
x 2.3 X 10’ 
x <2.0 X 10’ 











' Coagulant : ferric chloride. 
* As percentage of total sludge solids. 
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COAGULANT 
FERRIC CHLORIDE 
ALUST/INILS) CHL OR OKYDRATE 
FERRIC CHLORIDE 


20 25 30 


FERRIC CHLORIDE AS % TOTAL SOLIDS 


FIGURE 5.—Effect of coagulant on specific resistance. 


periments by Messrs. Peter Spence «& 
Co., Widnes. It has the approximate 
formula AloCl(OH),; and consequently is 
more basic than Al.Cl, or FeCl;. This 
is indicated by the sludge pH after add- 
ing the coagulant. The results show 


that the minimum specific resistance 
obtained by using aluminum chlorohy- 
drate is similar to that obtained for 
FeCl;. The quantity of coagulant used 
to reach this minimum is, however, less 
in the case of aluminum chlorohydrate. 
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Conclusions 


The results given in this paper indi- 
cate the utility of Carman’s theory in 
expressing filtration results. Further 
results showing the usefulness of the 
concept of specific resistance in research 
work are given in a paper by Coackley 
(13) where specific resistance is used to 
show the effect of aerobic and anaerobic 
digestion on the filterability of samples 
of sludge. 

Specific resistance is a useful param- 
eter for expressing filtration results and 
it has a sound theoretical basis. De- 
termination of specific resistance is 
simple and may be carried out with 
standard laboratory equipment. By 
measuring the specific resistance at 
various pressures up to atmospheric 
pressure, a value can be obtained for 
the compressibility which is not greatly 
different from that obtained over a 
larger range of pressures. If work is 
to be carried out on high-pressure 
presses it is recommended that a piece 
of apparatus similar to the one de- 


scribed herein and working up to 100 
or 150 lb per sq. in. should be used for 
preliminary tests. 


Summary 


Various theories of filtration appli- 
cable to sewage sludges have been inves- 
gated and Carman’s theory appeared 
to be the most appropriate theory to 
Experiments have confirmed that 
Carman’s theory and the concept of 
specific resistance adequately describe 
the results of filtration experiments and 
specific resistance is a suitable param- 
eter to use in comparing the efficiency 
of different prefiltration treatments, co- 
agulants, and for research purposes. 


use. 


Acknowledgments 


This paper is based on some of the 
work carried out by the authors on the 
dewatering and filtration of sewage 


VACUUM SLUDGE FILTRATION. I. 


SPECIFIC RESISTANCE 975 
sludges in the Chadwick Laboratory of 
the Department of Civil and Municipal 
Engineering, University College, Uni- 
versity of London. Thanks are due 
the Chadwick Trustees for grants which 
initiated the research into the problem 
of sludge dewatering and to the Rocke- 
feller Awards Committee of the Insti- 
tution of Civil Engineers for research 
grants. 

The authors also wish to acknowledge 
the interest and encouragement of Pro- 
fessor H. J. Collins and Mr. H. R. Oak- 
ley while carrying out the work. 


References 


. Wilson, J. A., Copeland, R. W., and Heisig, 
H. M., “A Practical Solution to the Prob- 
lem of Dewatering Activated Sludge.” 
Ind. Eng. Chem., 15, 956 (1923). 

. Thompson, J. T., “The Pressing of Precipi- 
tated Sludge.” Proc, Assn. of Managers 
of Sewage Disposal Works, pp. 25 (1925). 

3. Genter, A. L., “Adsorption and Floccula- 
tion as Applied to Sewage Sludges.”’ 
Sewage Works Jour., 6, 689 (1934). 

. Ardern, E., and Lockett, “Laboratory Tests 
for Ascertaining the Condition of Acti- 
vated Sludge.” Jour. Inst. Sew. Purif, 
Part I, 213 (1936). 

5. Thompson, J. T., and Proctor, J. W., 
“Filter Pressing of Sludge.” Jour. Inst. 
Sew. Purif., Part I, 108 (1938). 

. Wishart, J. M., Jepson, C., and Klein, L., 
“Dewatering of Sewage Sludge by Co- 
agulation and Vacuum Filtration. I. 
Laboratory Experiments.” Jour. Inst. 
Sew. Purif., Part I, 110 (1946). 

. Wishart, J. M., Jepson, C., and Klein, L., 
“Dewatering of Sewage Sludge by Co- 
agulation and Vacuum Filtration. II. 
Experiments with a Semi-Scale Dorr- 
Oliver Vacuum Filter.” Jour. Inst. Sew. 
Purif., Part I, 140 (1947). 

. Bruce, A., Clements, G. 8., and Stephen- 
son, R. J., “Further Work on the Sludge 
Freezing Process. Experiments with 
Various Types of Filtering Media.” 
Surveyor, 112, 849 (1953). 

. Hatschek, E., ““‘The Mechanism of Filtra- 
tion.” Jour. Soc. Chem. Ind. (Brit.), 
27, 538 (1908). 

. Ruth, B. F., Montillon, G. H., and Mon- 
tonna, R. H., “Studies in Filtration. 
Parts I and II.” Ind. Eng. Chem., 25, 
76 and 153 (1933). 

. Carman, P. C., “A Study of the Mechanism 
of Filtration. Part I.” Jour. Soc. 
Chem. Ind. (Brit.), 52, 280T (1933). 





SEWAGE AND INDUSTRIAL WASTES August, 1956 


Carman, P. C., “A Study of the Mechanism to Sewage Sludges.” Tus JouRNAL, 
of Filtration. Part I] and III.” Jour 24, 8, 962 (Jan., 1952). 
Soc. Chem. Ind. (Brit.), 53, 159T and 3. Grace, H. P., “Resistance and Compressi- 
eet (1984). aa 5 bility of Filter Cakes.” Chem. Eng. 
. pene 6 P., Ph.D. Thesis, London Univ Prog., 49, 303, 367, 427 (1953). 
C 8 a a . 7. Ruth, B. F., “Studies in Filtration. Part 
. Coackley, P., ‘Research on Sewage Sludge a = * os ntaie 
Carried Out in the Civil Engineering HL. Ind. Eng. Chem., 27, 708 (1935). 
Department of University College, Lon- 8. W alker, W. H., Lewis, W. K., McAdams, 
don.” Jour. Inst. Sew. Purif., Part I, W. H., and Gilliland, E. R., “Principles 
59 (1955). of Chemical Engineering.”’ 3rd Edition, 
Halff, A. H., “An Investigation of the McGraw-Hill Book Co., New York, 
Rotary Vacuum Filter Cycle as Applied N. Y. (1937). 


MEETINGS OF INTEREST 
1956 


Aug. Massachusetts Institute of Technology. Disposal of Industrial 
Wastes by Biochemical Processing. Summer Session. M.LT., 
Cambridge 39, Mass 


Hydraulics Division, American Society of Civil Engineers, Uni- 
versity of Wisconsin, Madison, Wis. Professor Arno T. Lenz, 
College of Engineering, University of Wisconsin, Madison 6, Wis. 
International Instrumentation-Automation Conference and Ex- 
hibit, New York, N. Y. Fred J. Tabery, 250 W. 57th St., New 
York, N. Y. 

Public Works Congress and Equipment Show, Fort Worth, 
Texas. American Public Works Association, 1313 E. 60th St., 
Chicago 37, Ill. 

Federation of Sewage and Industrial Wastes Associations, Hotel 
Statler, Los Angeles, Calif. 


Bavarian Biological Institute, Munich, Germany. Advance 
course in biology of sewage and stream sanitation. Dr. H. 
Liebmann, Bayerische Biologische Versuchsanstalt, Veterinar- 
strasse 13, Munich 22, Germany. Applications by Sept. 22. 
American Society of Civil Engineers, Annual Meeting, Pitts 
burgh, Pa. 


American Public Health Association, 84th Annual Meeting, At- 
lantic City, N. J. 

Public Works and Municipal Services Congress and Exhibition, 
Olympia, London, England. The Municipal Agency Ltd., 70 
Victoria St., London, 8. W. 1, Eng. 


Sanitary Engineering Conference, Kansas City Section, Ameri- 
ean Society of Civil Engineers, Continental Hotel, Kansas City, 
Mo. R. G. Kineaid, Chairman, P. O. Box 7088, Kansas City, Mo. 


National Chemical Exposition, Public Auditorium, Cleveland, 
Ohio. American Chemical Society, 1155 16th St., N. W., Wash- 
ington, D. C. 





CORRECTING STORM-WATER INFILTRATION, 
TONAWANDA, NEW YORK * 


By Nreweui L. NussBaAUMER 


Consulting Engineer, Nussbaumer, Clarke & Velzy, Buffalo, N. Y. 


Original Sanitary Sewer System 


The town of Tonawanda, N. Y., lies 
north of and adjacent to the city of 
Buffalo. The westerly boundary is the 
Niagara River; and the northerly 
boundary, the city of Tonawanda and 
Tonawanda Creek, which is a part of 
the Erie Barge Canal system. A sec- 
tion of the central part of the town of 
Tonawanda adjacent to Buffalo, about 
two miles east and west and one mile 
north and south, constitutes the village 
of Kenmore. The town is about five 
miles wide and averages three miles 
in length, north and south. The to- 
pography is generally flat, with a small 
slope to the west and north. Part of 
Kenmore slopes toward Buffalo. 

In the early 1920’s suburban growth 
began first in Kenmore and later in 
the town of Tonawanda. The early 
Kenmore sanitary sewers discharged 
into Buffalo. Prior to 1925 there were 
few municipal sewers in the town of 
Tonawanda. 

About 1925, Sanitary Sewer District 
No. 2 was organized to include approx- 
imately five square miles of area just 
north of Buffalo and Kenmore, which 
it was thought would be_ suitable 
for residential development. Sanitary 
sewers were planned for areas con- 
sidered for immediate development, 
and trunk sewers were ineluded to pick 
up the flow from these sewers and also 
the flow from the village of Kenmore. 
A sewage treatment plant was located 
on Two-Mile Creek to the north of the 
town of Tonawanda and almost one 

* Presented at the 1956 Annual Meeting, 


New York Sewage and Industrial Wastes 
Assn.; New York, N. Y.; Jan. 18-20, 1956. 


mile from the Niagara River. Gravity 
flow was possible to the treatment 
plant from all areas except a small area 
to the east served by the Highland 
Avenue lift station. 

Trench excavations were in a heavy 
elay and only a small amount of rock 
was encountered. Cement mortar was 
considered an acceptable joint material 
for vitrified pipe construction, so it 
was used extensively. The manholes, 
unfortunately, were not well plastered 
on the outside. 

Sewers were constructed either in 
the subdivision streets during early 
stages of construction or in platted 
street right-of-ways; consequently, 
house laterals were installed according 
to the plans of the developer. A con- 
siderable length of sewer was installed 
prior to the grading of the streets 
for pavements. Where this was the 
ease, backfilling was permitted without 
tamping, the material being placed in 
the trench by a backfill machine or 
bulldozer, with the trenches trimmed 
after the first winter. Settlement due 
to rain and snow provided some com- 
paction, but not equal to the precau- 
tions which are taken today. 

In the late 1920’s and early 1930’s 
Sanitary Sewer District No. 3 was or- 
ganized to include the easterly part of 
the town of Tonawanda, not included 
in District No. 2. The topography of 
the northerly part of this district was 
very low. Ellicott Creek ran through 
the northerly section and at high stage 
overflowed its banks and flooded as 
much as a mile from its normal banks 
in the lowest section. The trunk sewer 
leading to the sewage treatment plant, 
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located on the north bank of Ellicott 
Creek, passed through this low area at 
considerable depth and then under E1- 
licott Creek. The sewage from this 
area was pumped to the sewage treat- 
ment plant. 

The conditions of construction were 
much the same in this district as in 
District No. 2. In addition, some of 
the deep trunk sewers encountered a 
unstable material, which, 
clay, acted almost as a running sand. 
Adequate means were not taken in the 
construction of these sewers to assure 
permanent position. Subsequently, 
some of these sewers, when trenches 
were opened, were found to have been 
deflected from both line and grade. 

When the ereek flooded the low 
areas, water covered some of the man- 
holes. In neither district any 
storm constructed simultane 


very while 


were 


sewers 


nously with the sanitary sewers. In 
both districts it was the general prac 
tice to drain turnpiked street ditches 
into the manholes of the sanitary sew- 


ers. 

Since were no storm drains, 
many drained roof water to 
the sanitary sewers, or if not roof 
water directly, the drain tile system 
around and under the building was 
eonnected. In most eases where the lat 
ter was done, all the roof water even 
tually reached the sanitary sewer, par- 
ticularly if there were no down spouts, 
as the backfill material adjacent to the 
building wall was generally composed 
of building debris or porous material 

As long as the sanitary sewers and 
treatment plants were not over-loaded 
by the storm water flow, there was no 
particular coneern either by house- 
holders or public officials. About 10 
after the facilities were con- 
structed the population increased and 
the resulting sanitary sewage flow, to 
gether with the storm water, caused 
trouble during storm periods. 


there 


houses 


years 


Early Storm-Sewer Construction 
The early storm sewers were in- 
tended primarily to serve pavement 
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drainage and were not large enough, 
nor sufficiently deep, to serve the built- 
up adjacent areas. The sewer depths 
were particularly shallow because the 
outfalls had to discharge into surface 
streams or ditches, which because of 
the flat topography were not much 
lower than the surfaces to be drained. 
Many of these storm drains were built 
by or taxed against subdivision de- 
velopers, who could not afford the 
financial burden for adequate storm 
sewers. Furthermore, no over-all town 
drainage plan had been developed at 
that time. 

Since these sewers were inadequate 
to handle the total storm flow during 
heavy rains, they would back up so 
that water stood on the streets for con- 
siderable periods of time. Where storm 
had not been built the ven- 
tilated manhole covers in the sanitary 
sewers permitted large quantities of 
water to enter the sewers. 


sewers 


Population Increases 


From the 1920’s the town of Tona- 
wanda became one of the fastest grow- 
ing towns in New York State. The 
population increased to about 80,000 
persons in 1955, with large supporting 
industries located along the Niagara 
River. Fine schools were built, shop- 
ping centers developed, major high- 
ways constructed, and other municipal 
services provided. These municipal 
improvements will continue to expand 
the population, which should level off 
between 100,000 and 125,000 persons. 


Early Remedial Action 


In the mid 1930’s a program was set 
up to disconnect unused sanitary sew- 
ers from the sewer system, particularly 
those lines having lateral house service 
connections. Manholes subject to sur- 
face flooding were provided with solid 
covers, and in some eases these were 
sealed. Known diversion of storm 
water from ditches to the sanitary sew- 
ers was discontinued where possible. 
Furthermore, an ordinance was passed 
prohibiting new connections for the 
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purpose of discharging roof water to 
sanitary sewers. Efforts also were 
made to disconnect existing connec- 
tions. 

Sections of the sanitary sewers, 
known to be in bad condition, were 
recaulked under the various construc- 
tion projects sponsored by the Federal 
government during the unemployment 
relief programs of the 1930’s. 

In addition, a section of the trunk 
sewer in District No. 3 was replaced 
by a new parallel sewer. Bypasses 
were installed at the two sewage plants 
to divert storm water. Extra pumping 
capacity was installed at some of the 
pumping stations. Finally, a postal- 
card canvass of the town of Tonawanda 
was made to ascertain the most criti- 
eally flooded sections. 

These measures, however, were not 
adequate to relieve private homes and 
commercial establishments from flood- 
ing. Serious financial loss occurred 
after every heavy storm, and fre- 
quently in the spring from melting 
snow. 

The town officials then decided that 
the only way to eliminate the damage 
caused by flooding of the sanitary sew- 
ers was to plan and construct a town- 
wide storm drainage project. Engi- 
neering studies for the east side were 
authorized first, followed by reports 
for the village of Kenmore, and the 
west side of the town of Tonawanda. 


Storm-Water Drainage Projects 


East-Side Drainage Project 


About 1945 the town of Tonawanda 
was ready to start constructing a com- 
prehensive system of intercepting storm 
and overflow sewers in the eastern sec- 
tion where the population and need 
were greatest. 

Studies had been made for a sepa- 
rate storm-water system, with no con- 
nection to the sanitary sewer, and also 
for a system of storm sewers deep 
enough to intercept the surcharged 
storm flow from the sanitary sewers. 
This latter plan was adopted as being 
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less expensive for the results which 
might be accomplished. The sewers 
were planned to intercept the critically 
over-loaded points in the sanitary sew- 
ers and to connect to the existing storm 
sewer outlets. Provision has been 
made to provide points of discharge 
for future storm sewers which might 
be needed in areas to be developed or 
in developed areas where storm drain- 
age had not been constructed. 

In the heavily built-up areas, the 
sewers were designed for a five-year 
storm. These areas were largely in the 
southerly part of the town. In an in- 
termediate area where houses were 
being planned with larger lots a three- 
year storm basis was used. In the 
northerly section where the land was 
very low, some consideration was being 
given to a municipal park. In another 
section, a golf course was proposed. 
Since there was a good possibility of 
a less dense population in this area, 
only a one-year storm basis was used 
for designing this section. Consider- 
able money was saved through the 
use of these sliding design criteria. 

The largest storm drains proposed 
were two cell, each cell 9 ft. wide by 
7 ft. high. Other lines were 16 ft. wide 
by 7 ft. high. As the trunk drains ex- 
tended upstream, the size decreased to 
about 48 in. in diameter, which was 
considered a minimum size for the 
trunk system. 

The depth of the outlet sewers was 
controlled by the water level in Elli- 
cott Creek, into which they discharged. 
The roof of the outlet conduits was 
placed 6 in. above known high water 
in the creek. The upstream sections 
were designed to accept the overflows 
from existing sewers. 

The East-Side System had two main 
trunk sewers with various tributaries. 
The first construction contracts were 
let in 1948 for the Colvin Section. 
Sewer contracts totaled approximately 
$3,750,000 and attracted contractors 
from a considerable distance. 

Due to finances, a part of the upper 
section of the system was omitted from 
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the initial construction awards to ob- 
serve if what was to be built would be 
effective. After observing conditions 
in the sanitary sewers where there was 
still some flooding, the Brighton Road 
section was built in 1950 for about 
$350,000; and the Colvin Extension in 
1954, for $113,000. This construction 
completed the system as originally 
planned. 

The interception chambers were de- 
signed with side weir overflows from 
the sanitary sewers. The length of 
weir was sufficient to keep the increase 
in sewage depth at a minimum for a 
flow three times the dry weather flow. 
The sewer department has observed 
flow conditions and, in some cases, has 
found it necessary to adjust some of 
the weirs. Since the last section was 
built, there has been no flooding in the 
area. 

The Parker Avenue Section was put 
under contract in 1952 at a cost of 
about $2,500,000. Most of the over- 
flow and interception chambers were 
in the upper sections. The town of 
ficials realized that the work already 
let would not be sufficiently effective 
to protect an area where a large school 
and about 1,000 new houses were being 
constructed. Therefore, an additional 
contract was let in 1953 for $372,000 
and two more in 1954, totaling $425.- 
000. This construction has provided 
relief from flooding in the sanitary 
sewers and made available needed out- 
lets for local storm sewers, many of 
which built to serve the 1,000 
home development. 

The program had been estimated in 
the 1945 reports at $7,500,000. The 
total construction cost was $7,520,438, 
to which must be added engineering, 
legal and administrative charges. At 
the end of the construction in 1954 the 
project costs totaled about $8,200,000. 


were 


Kenmore Storm Drains 


The east side of Kenmore had an 
arrangement to discharge a certain 
amount of storm drainage into the city 

y 
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of Buffalo sewers, administered by the 
Buffalo Sewer Authority. Some of the 
lateral sewers in this area were over- 
loaded from storm water for reasons 
similar to those enumerated for the 
town of Tonawanda. A trunk relief 
system was considered to be the only 
effective remedy. 

In the late 1940’s an intercepting 
trunk system was designed to relieve 
many of the overloaded points in both 
the sanitary and storm sewer system. 
This flow was brought to a storm-water 
pumping station, the discharge from 
which flowed into the Buffalo sewers. 
The pumping capacity of 15 m.g.d. was 
limited by the contract with the city 
of Buffalo. In the interest of economy, 
the station was built with deep well- 
type pumps in a wet pit. The opera- 


tion has been satisfactory and sub- 
stantial relief afforded. 

Later in the early 1950’s, a similar 
station was built on the west side of 
Kenmore to discharge into a surface 
Ultimately, when drains now 


stream. 
under construction in the West-Side 
Drainage Project of the town of Tona- 
wanda are completed, gravity flow to 
the town system will be possible, and 
the station can then be abandoned. 


West-Side Town Drainage Project 


A study similar to the one made for 
the East-Side Project was undertaken 
in 1948 for the west side of the town 
of Tonawanda. The financial condi- 
tions in the town, considering other 
substantial construction, made it neces- 
sary to delay consideration of this 
project until 1954. At that time pre- 
liminary plans were made for the pro- 
posed trunk intercepting sewer sys- 
tem. The construction was divided 
into two parts. The Two-Mile Creek 
trunk sewer was planned to serve the 
westerly section, including some indus- 
trial area, the southerly section, and 
would provide an outlet for the west 
side of the village of Kenmore system. 
The northerly section would be served 
by the Ensminger Road trunk. 
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The storm-drain sections are about 
the same size as those designed for the 
east side. Interception chambers are 
provided at critical points for relief 
of the sanitary sewers. The outfall 
discharges into Two-Mile Creek at a 
point about two miles from the Niagara 
River. 

A contract was let for the larger size 
sewers in the Two-Mile Creek trunk 
sewer in 1955 for $1,425,000. The 
balance of the work on the Two-Mile 
Creek trunk sewer will include con- 
tracts totaling about $950,000. Other 
plans are being prepared for an esti- 
mated $1,200,000 worth of work on 
the Ensminger Road trunk sewer, 
which may not be let until 1957. 

The total cost of the West-Side Town 
Drainage Project, ineluding engineer- 
ing, legal and administrative charges, 
will approximate $3,900,000. This 
does not include certain other sewers 
which are neded to connect the village 
of Kenmore outlet, the cost of which 
would be largely borne by Kenmore. 


Construction Features 


As has been previously stated, the 
larger storm drains were of reinforced 
concrete, rectangular in section, either 
one or two cell, and generally 7 ft. 
high with widths up to 16 ft. 

The large cast-in-place sewers were 
designed for good foundation condi- 
tions; poor conditions required the use 
of piles. The downstream sections of 
both East-Side storm drains required 
piling. An intermediate section re- 
quired a subbase foundation course. 

Where the depth of excavation did 
not greatly exceed the height of the 
sewers, a dragline was used for making 
the excavation. In deeper cuts, partial 
excavation was made by dragline, and 
the deepest section was constructed 
with tight sheeting and bracing called 
‘“‘sunbway type’’ construction. All 
work was done in open cut, except 
under railroads and main 
highways, where tunneling was used. 
The longest tunnel was about 100 ft. 


erossings 
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The concreting was generally done 
in two pours. The base slab and sec- 
tions of the vertical sidewalls about 
14 in. high were included in the first 
pour. A considerable amount of this 
work was constructed ahead of the 
sidewall and roof pour. Collapsible 
forms were used as forming for the 
second pour. Since 60 ft. constituted 
one day’s pour, the 200 ft. of available 
forms provided three days of work. 
The forms were moved ahead in se- 
quence after each pour, so that the 
operation was never blocked. When 
the concrete had set sufficiently the 
forms were retracted for removal, and 
then pulled ahead. Some contractors 
used central mixing plants for con- 
erete. Others used transit mix con- 
erete. The interception chamber con- 
struction was generally a custom- 
formed job and was made after the 
main conduit had been completed. 

The jacking operations for the 96- 
in. diameter pipe used by two con- 
tractors was particularly interesting. 
Various construction features of the 
projects received comment in publica- 
tions serving the engineering field and 
the construction industry (1). Ap- 
proximately 10,000 eu. yds. of rock 
excavation was necessary in one sec- 
tion. 


Total Project Costs 


When all sections of the town of 
Tonawanda and village of Kenmore 
drainage projects have been completed, 
the municipal officials feel that flood- 
ing conditions will not oceur in the 
sanitary sewer systems and that ade- 
quate storm-water outlets for existing 
and future storm sewers will have been 
provided. The total cost to the town 
of Tonawanda will have been about 
$12,000,000 and for Kenmore more 
than $1,000,000 which makes a grand 
total of $13,000,000. 


The Sanitary Sewer System 


The present sanitary sewer system 
includes those sections of old construc- 
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tion in the older parts of the town of 
Tonawanda, and the newer 
built in the recently built-up areas 
where all work has either been done by 
the town directly, or to its specifica- 
tions and under its own inspection. 
The specifications call for bitumastic 
joints, with vitrified tile pipe lengths 
of 3 and 4 ft. Concrete cradles are 
used in sections, and special 
foundation provisions are provided in 
any unstable soil. In all streets where 
settlement of trenches is important, 
selected material is used for 
backfill, or care is taken to consolidate 
the replaced excavated material. In 
filtration tests are made on new 
struction and efforts made to reduce 
this to a minimum. The cost of sev 
ers is somewhat higher under 


sewers 


deep 


either 


con- 


such 


INDUSTRIAL 


WASTES August, 1956 
specifications, but results are deemed 
to be worth the money. 

Consequently, the present sanitary 
sewer system on a total length basis 
has much less infiltration. The points 
of relief to the interceptor storm sew- 
ers prevent flooding of the sanitary 
sewers. It has been unnecessary to 
the original sanitary sewer 
construction, which because of loca- 
tions under pavements and proximity 
to other utilities would have been very 
expensive. The town of Tonawanda, 
therefore, now has a sanitary sewer 
system with minimum infiltration in 
the new sections and controlled infiltra- 
tion in the older sections. 


replace 
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NATIONAL SCIENCE FOUNDATION 
POSTDOCTORAL FELLOWSHIPS 


As a means of promoting the prog- 


the National Science 
Foundation plans to award a limited 
number of postdoctoral fellowships on 
October 16, 1956. These fellowships 
are in addition to those awarded by the 
Foundation in March of each year. 
Individuals holding a doctoral de- 
gree, or having equivalent research 
training and experience in the fields of 
mathematics, physics, medicine, biol- 
ogy, engineering and other 


science, 


ress of 


sciences, 


are eligible for the fellowships. An- 
nual stipends will normally be $3,400 
per year. Provision is made for the 
payment of tuition and fees, depend- 
ency allowances ($350 for each de- 
pendent) for married Fellows, and lim- 
ited travel allowances. 

Application materials may be ob- 
tained from the Fellowship Office, Na- 
tional Academy of Sciences, National 
Research Council, 2101 Constitution 
Ave., N. W., Washington 25, D. C. 





STUDIES ON THE OXIDATION KINETICS OF 
BIOLOGICAL SLUDGES * 


By W. Westey ECKENFELDER, JR. 


Assistant Professor of Civil Engineering, Manhattan College, New York, N. Y. 


In biological oxidation processes 
sludge is produced from the synthesis 
of organic matter removed in the sys- 
tem as an integral part of the treat- 
ment process, and the sludge under- 
goes auto-oxidation and mineralization. 
The sludge consists of microbial pro- 
toplasm in various phases of growth, 
non-oxidizable organic matter, stored 
organics in the microbial cell and in- 
organie solids removed during the 
solid-liquid separation step in the bio- 
oxidation process. In conventional 
processes the sludge accumulates and 
must be disposed of. 


Character of Biological Sludge 


Sludge from bio-oxidation processes 
consists of living protoplasm, mineral 
cell constituents and amorphous mat- 
ter. The principal chemical constitu- 
ents are carbon, hydrogen, oxygen and 
nitrogen with lesser amounts of phos- 
phorous, sulfur and trace elements. 
Hoover and Porges (1) showed sludge 
synthesized from dairy wastes had the 
empirical formula C,H,NO,. This 
sludge contains 12.3 per cent nitrogen 
and theoretically requires 1.42 g. oxy- 
gen for each gram of sludge com- 
pletely oxidized. Laboratory studies 
revealed an oxygen equivalency of 
1.36 g. of oxygen per gram of sludge 
on a volatile solids basis. In studies 
of other industrial wastes, Helmers 
et al. (2) produced a sludge with 
the general formula C,H,,NO, con- 
taining 8.9 per cent nitrogen and re- 
quiring 1.53 g. of oxygen for each 

* Presented at the Annual Meeting of the 


New York Sewage and Industrial Wastes 
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gram of sludge oxidized. Variations 
in the empirical composition will de- 
pend on quantity and availability of 
nitrogen and phosphorous in addition 
to other microbiological variables. 
Studies on several sludges synthesized 
from various industrial wastes re- 
vealed a range of 1.36 to 1.44 g. of 
oxygen per gram of sludge volatile 
solids oxidized (3). 

The volatile content of activated 
sludges will depend upon the per- 
centage of inert and non-oxidizable 
volatile solids accumulated in the sys- 
tem, in addition to the growth phase 
of the microbial culture. Pure micro- 
bial cultures undergoing active growth 
will be 90 to 94 per cent volatile (4). 
As oxidation under starvation condi- 
tions progresses, this volatile content 
will decrease due to the mineralization 
of cellular constituents. Using syn- 
thesized milk waste, Hoover (1) pro- 
duced a sludge of 92 per cent volatile 
eontent. Sludges synthesized from 
eotton kiering, rag rope and brewery 
waste showed a variability of content 
of 72 to 89 per cent (2). Sludge from 
pulp and paper waste oxidation was 
85 per cent volatile (5). Most do- 
mestic sewage sludges are 75 to 90 per 
cent volatile. 

The volatile solids content is not 
necessarily indicative of the active 
fraction of microorganisms present in 
the sludge. The active fraction, in this 
instance, is defined as the fraction of 
microbial sludge related to the total 
weight of volatile sludge. For ex- 
ample, in the pulp and paper sludge 
cited above, while the volatile content 
was 85 per cent, the active sludge frac- 
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tion as determined by system material 
balances was only 70 per cent. This 
difference can be attributed to the ac- 
cumulation of fiber, lignin and cellu- 
lose of low oxidation rate in the sys- 
tem. 

The heat content of activated sludges 
from industrial waste oxidations have 
been shown to be 10,321 B.t.u. per 
pound for dairy waste sludge (6), and 
9,872 B.t.u. per pound for pulp and 
paper waste sludge. These values com- 
pare to the value for domestic sewage 
activated sludge of 10,000 B.t.u. per 
pound as found by Fair (7). The 
sludge age appeared to have only a 
minor influence on the heat content 


Sludge Growth 


Sludge growth can be related to the 
B.O.D. removal in the process, the 
quantity of active solids under aera- 
tion, the nature of the waste being 
treated and the quantity of available 
supplementary nutrients. Most in- 
vestigators have found that approxi- 
mately 1 Ib. of volatile sludge solids 
is produced for each 2 lb. of B.O.D. 
removed. Based on pure compounds 
oxidized by activated sludge, conver- 
sion to sludge varied from 44 to 64 
per cent for glucose (8) to 65 to 85 per 
cent for carbohydrate (9). Under 
specific operating conditions, the bio- 
logical volatile solids accumulation can 
be expressed for any system by the 
general equation : 


Pounds volatile biological solids per 
day =a (lb. B.O.D. removed/day) — 
b (lb. mixed liquor volatile suspended 
solids). 


The value of constant a, representa- 
tive of the fraction of B.O.D. removed 
which is synthesized to sludge, gen- 
erally will vary between 0.4 and 0.75. 
After 24 hr. of aeration the fraction 
synthesized for various organic com- 
pounds varied from 43 to 93 per cent 
(8). 

Data on sludge accumulation 
summarized in Table I. 


are 
Sludge growth 
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TABLE I.—Sludge Growth Constants 
for Various Wastes 








Sludge 
Growth 
Constant, 
a 


Tempera-| pofer- 
ture 
(°C.) 


Source 
one ence 


0.77 (10) 
Sewage 0.49 (11) 
Sewage 0.64 (12) 
Cotton kiering waste ‘ (2) 
Rag rope waste e (2) 
Brewery waste (2) 
Brewery waste (13) 


Pharmaceutical waste 











| 
Pulp and paper waste | (5) 





from a pulp and paper waste oxidation 
in which no preseeding was used is 
shown in Figure 1. The B.O.D. load- 
ing applied to the system was regu- 
lated to 0.3 lb. B.O.D. per pound of 
mixed liquor suspended solids per day. 


Sludge Oxidation 


Biological sludge can undergo oxida- 
tion of its own cellular tissue. This 
has been defined as endogenous respir- 
ation: in the absence of available nu- 
trients, cells oxidize their own tissue 
slowly in order to obtain energy for 
maintenance. Recent investigations 
have shown that endogenous respira- 


T | 
Sludge Loading 
033 Ibs BOD/ doy/ Ib. Sludge 


+ 





Total Weight of Mixed Liquor Sludge —ibs 
Mixed Liquor Suspended Solids-—ppm 











20 
Time in Days After Stort of 


Aeration 


FIGURE 1.—Sludge growth at constant 
ratio of B.O.D. to sludge loading; pulp 
and paper waste. 
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tion also occurs concurrently with syn- The rate of endogenous respiration 
thesis. The utilization rate for endo- and sludge oxidation may at any time 
genous respiration will generally vary be related to the sludge age, or to the 
from 5 to 10 per cent of the rate for mean length of time the sludge has 
active metabolism. been undergoing aeration. The sludge 
During the early phase of endo- age is in turn related to the B.O.D. 
genous respiration, the rate equation and suspended solids loading to the 
may approximate monomolecular ki- process. 
netics and the rate of sludge oxidation It may be anticipated that the rate 
may be expressed as per cent per day of sludge oxidation will vary inversely 
of the sludge solids under aeration. with sludge age. With high sludge 
With continuing aeration, the rate age (indicative of low organic loading 
falls off due to the oxidation of more and prolonged aeration), a large per- 
stable components. This rate of de- centage of the sludge oxidation occurs 
crease of oxidation is logarithmic in in and through the aeration tanks. 
nature. Further separate sludge oxidation will 
Typical oxidation curves for various occur at a lower rate than that char- 
systems are shown in Figure 2. Asthe acteristic of high-rate processes. With 
oxidation proceeds, cellular nitrogen is high organic loadings and low sludge 
broken down and released to solution ages, only a small portion of the syn- 
in the form of ammonia. Under con- thesized sludge is oxidized in the aera- 
tinuous oxidation this ammonia is fur- tion tanks and subsequent sludge oxi- 
ther oxidized to nitrates. dation will yield higher rates. 
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986 SEWAGE 
oxidation rates also will 
vary with temperature and with the 
nature of the waste being treated. 


Observed 


Experimental Studies 


Thickened sludge obtained from the 
recycle system of bio-oxidation waste 
treatment plants was used as a source 
of sludge for the oxidation studies re 
ported here. This sludge was aerated 
in 41. containers, and daily samples 
were withdrawn for determination of 
suspended and volatile solids, soluble 
nitrogen, C.O.D. and B.O.D. and for 
oxygen utilization 
A polarograph 


rate 
was 


measurement. 

employe d for 
rate 
Daily evaporative losses were made up 
with distilled water. 


oxygen utilization measurement 
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TABLE I1.—Domestic Sewage 
Activated Sludge* 





Soluble 
Nitrogen 
(p.p.m.) 


. | Suspended . : 
cA - > 
.D Solids Volatile 


| } or \ 
p.p.m.) (p.p.m.) | (% 

— wien 
| 4,380 | 76.5 


0 6,600 
i 5,500 | 3,950 73.0 
71.0 


4.950 | 

1,250 3,250 66.0 
| 3,950 3,000 67.0 
| 3,800 | 66.5 


Aeration 
Period 
days 


46.0 
86.0 
3,400 | 2,700 


63.5 94.0 





* Temperature is 25°C 


Domestic Sewage 


Studies on the endogenous respira- 
tion and oxidation of domestic sewage 
activated sludge have been conducted 


by several investigators. Sawyer (38) 
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FIGURE 3.—Endogenous respiration trends; domestic sewage activated sludge. 
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showed a variation in endogenous res- 
piration of 1.85 to 9.8 mg. of oxygen 
per hour of sludge under- 
for 24 hr. with no nu- 
Placak and Ruchhoft 
reported various activated sludges 
have endogenous respiration rates 


per gram 


roing aeration 
trient addition 
9 
to 
of 2 to 6 mg. of oxygen per hour per 
gram of sludge. The rate of activated 
sludge oxidation from pilot-plant stud- 
at Ridgewood, N. J., at 20° C. 
varied from 3 to 7 mg. of oxygen per 
hour per gram of sludge, depending on 
the length of time the sludge had been 
undergoing aeration. 

In oxidation rate studies of 
from a conventional activated 
plant, 10 to 12 per cent per day 
volatile solids were oxidized at 


ies 


sludge 
sludge 
of the 
9re Cc 


avo 


TABLE III.—Activated Slu 





Suspended 
Solids 


p.p.m.) (p.p.m.) 


7,642 
7,416 
5,921 
6,195 
5,690 
4,940 
4,780 
4,630 
4,150 


8,520 
8,680 
6,440 
7,120 
6,240 
5,920 
5,330 
9 _ 
14 





dge 


During a period of six days aeration, 
the volatile content of the sludge was 
reduced from 78 per cent to 64 per 
eent. After five days of aeration, first 
order kinetics were no longer approxi- 
mated and the oxidation rate decreased 
rapidly with time. Nitrogen was solu- 
bilized, during the oxidation process, 
in approximate stoichiometric ratio to 
the sludge oxidized. These data are 
detailed on Table II and illustrated on 
Figure 3. 

The results of four oxidation studies 
at the Bergen County Sewer Authority 
Plant (14) revealed a mean oxidation 
rate of 5.2 per cent per day at 21 to 
24° C. The B.O.D. loading applied to 
the plant during this period averaged 
0.2 lb. B.O.D. per day per pound of 


—Pulp and Paper Mill Waste* 


Volatile 
Suspended 
Solids 

(p.p.m 


Oxygen 
Uptake 
p-p.m./hr 


NH;—N 


(p.p.m.) 
6,434 
6,160 
4,940 
5,320 
4,790 
4,140 
3,840 
3,890 


61.8 
33.5 
26.0 
22.6 
12.0 
19.8 
16.7 
16.4 





3,550 





* Temperature is 32°C. 
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sludge. At this loading level, consid- 
erable autooxidation occurred in the 
aeration tanks prior to the start of the 
oxidation study. 

Sludge from a step-aeration plant 
exhibited an oxidation rate of 8 per 
cent per day at 19° C. based on vola- 
tile solids during the first seven days 
of aeration. Nitrification commenced 
after the third day of aeration. 


Pulp and Paper Wastes 


In an activated sludge plant treat- 
ing semi-chemical and paper pulping 
wastes, the endogenous respiration rate 
varied from 3 to 7 mg. of oxygen per 
hour per gram of sludge (volatile 
solids basis) during a 10-hr. aeration 
period at 32° C. The B.O.D. loading 
averaged 0.4 lb. per day per pound of 
sludge. When sludge from this proc- 
ess was aerated, 7 per cent per day 
of the volatile solids was destroyed by 
oxidation. The ratio of oxygen con- 
sumed to volatile solids destroyed was 
157. These data are shown in Figure 
4 and Table ITI. 

In studies on sludge oxidation from 
kraft mill wastes, Gehm (15) found a 
mean endogenous respiration rate of 
2.1 mg. of oxygen per hour per gram of 
volatile suspended solids. In aerating 
a 1 per cent sludge, a reduction in 
B.O.D. of 82 per cent was found after 
five days of aeration. 


Pharmaceutical Wastes 


Oxidation studies were conducted on 
activated sludge obtained from phar- 


Suspended 


Solids 


Aeration 
Period 
days 


C.0.D. 
p.p.m.) 


5,960 
4,300 
3,160 
2,840 
2,680 
2,000 
2,000 





* Temperature is 25°C. 
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pharmaceutical waste 
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maceutical waste oxidation. These 
data showed that a 55 to 60 per cent 
reduction in sludge solids, and a 60 
to 85 per cent reduction in B.O.D., ean 
be attained in a five-to-six-day aera- 
tion period. The rate of volatile sus- 
pended solids reduction was approxi- 
mately 25 per cent per day over the 
first three days of aeration at 25° C. 
The corresponding endogenous respira- 
tion rate of volatile solids was 14 mg. 


TABLE IV.—Activated Sludge—Pharmaceutical Wastes* 


Volatile 
Suspended 
Solids 

p.p.m.) 


Oxygen 
Uptake 
(p.p.m./hr.) 


B.0.D. 
(p.p.m.) 


3,784 
3,008 


1,550 — 
1,020 42 
2,144 618 30 
1,808 533 21 
1,440 431 12 
1,168 — 12 


| 
| 
— 
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of oxygen per hour per gram. This 
sludge was obtained from a pilot plant 
operating at a B.O.D. loading of 2 to 3 
lb. per day per pound of sludge. 

The same oxidation rates were ob- 
tained using sludge at 2 per cent con- 
centration (dry weight basis) as were 
found at an 0.4 per cent concentration, 
thus indicating that coneentration over 
this range was not a limiting factor. 
A high power level was maintained in 
the system by employing multiple 
turbines to insure adequate sludge dis- 
persion. The average B.O.D. and 
reduction data from four runs 
are shown in Figure 5. Data from a 
typical run are shown in Table IV. 


solids 


Daury Waste s 


The oxidation of sludges from dairy 
waste oxidation has been studied by 
Hoover (1) and Kountz (16). Hoover 
found a sludge oxidation rate of 24 
per cent per day at 20° C. Similar 
results were reported by Kountz in 
pilot-p ant studies. 


Discussion 


Sludge accumulated in bio-oxidation 
will undergo oxidation at 
varying rates depending upon the fac- 
tors of temperature, waste character- 
microbial content and sludge 
The oxidation rate approximately 
doubles for each 10° rise in tempera- 
ture (12). The microbial content of 
will vary widely depending 
the nature of the wastes being 
treated. For example, while dairy and 
cannery wastes are composed almost 
entirely of microorganisms, sludges 
from pulp and paper mill waste oxida- 
tion may vary from 50 to 75 per cent 
microbial content. This range is at- 
tributed to the variable quantity of 
fibre, pulp, ete. present in the 


systems 


istics, 


age 


sludges 


upon 


raw 
waste. 

The oxidation 
monomolecular 


rate approximates 
kinetics during the 
early phases of the oxidation process. 
With increasing times of aeration, the 
‘ate progressively decreases and ap- 
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proaches a limit of about 40 to 60 
per cent volatile solids reduction. The 
remaining constituents are resistant 
to further oxidation and provide a 
residue for disposal. By comparison, 
most anaerobic processes provide a re- 
duction in volatile content of about 
60 per cent. 

The quantity of accumulated sludge 
and the oxidation rate are a function 
of the sludge age in the bio-oxidation 
process, since a portion of the sludge 
synthesized from B.O.D. removal is 
oxidized in the aeration system. 

For example, in a conventional waste 
treatment plant at a loading of 0.2 
Ib. B.O.D. per day per pound of sludge 
and a mean sludge oxidation rate of 8 
per cent per day, as much as 80 per 
cent of the sludge synthesized may be 
oxidized in the aeration tanks. By 
comparison, in the pharmaceutical 
waste oxidation previously cited only 
10 per cent of the sludge synthesized is 
oxidized at a loading level of 4.8 lb. 
B.0.D. per day per pound of sludge. 

Sludge disposal by oxidation (endo- 
genous respiration) has been employed 


jin dairy waste treatment as reported 


by Kountz (16). Studies on other 
waste oxidation systems have indicated 
the feasibility of this method for 
sludge treatment. In most eases 
studied, the residue is non-putrescible 
and produces no odors. Pressure flo- 
tation can be employed for sludge 
thickening; concentrations of 2 to 3 
per cent on a dry weight basis has been 
attained by this method. Nutrient 
chemical recovery, by reeyeling the ni- 
trogen rich liquor after oxidation, may 


be advantageous in systems requiring 
supplementary nutrient addition. 
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COME, NO MATTER HOW! 


Interest in group trips to the Los 
Angeles Meeting, October 8—11, is be- 
ing evidenced at Member Association 
meetings as the date for the Federation 
Annual Meeting approaches. Recent 

Ohio and Central 
indicates interest in 
Previously New York and 
more recently New Jersey (THis Jour- 
NAL, 28, 7, 871; July, 1956) have ex- 
pressed interest in train or plane group 
accommodations to California. 

From east of the Mississippi River 
there are train routes to the 
West Coast. Perhaps the three best- 
known U. S. routes are the Northern 


comment at the 
States meetings 


those areas. 


several 


Route, and the 
Any travel agent or 


Central 
Route. 


Route, the 
Southern 
railroad office will be pleased to dis- 
cuss your own wishes. It is possible to 
20 one way and return another, thus 
seeing a deal of the United 
States Many 
excellent stopovers and side trips are 
available at little additional cost. 


creat 
and 


possibly Canada. 


Whether you travel by train, plane, 


bus, automobile, horseback, covered 


wagon, bicycle or steamship through 
the Canal, or around Cape Horn, be 
Los Angeles 


certain to come to the 


Meeting ! 





SEWER ODOR STUDIES * 


By Greorce W. Rem anp CHARLES IMEL 


Respectively, Associate Professor and Student, Engineering College, 
University of Oklahoma, Oklahoma City, Okla, 


The University of Oklahoma was re- 
to assist Oklahoma City in a 
study of odors associated with its san- 
itary sewer system. A cooperative ar- 
rangement was made between the Civil 
Engineering School of the University 
and the City Engineer by which stu- 
dents were employed, under the tech- 
nical direction of the Professor of San- 
itary Engineering, to conduct the stud- 
ies. This informal arrangement is 
mentioned because other cities with 
like problems might be interested in 
arranging similar cooperative pro- 
grams with a neighboring university. 

This discussion is a progress report 
both sewer and laboratory 
studies are still underway. 


quested 


because 


Cause of Odors 


Sewer odors result from environmen- 
tal conditions in a sewer that permit 
the anaerobic bacterial, and possibly 
fungal, decomposition of the free float- 
ing and deposited organic materials 
and subsequent dispersal of the gases 
produced. The production of odorous 
compounds in partially filled sewers 
with proper ventilation is _ believed 
caused by the submerged deposits of 
organic silts, greases, and slimes. Sew- 
ers flowing full or partially full but 
poorly ventilated often produce odors. 
There is some question as to whether 
or not the grease and the slimes simply 
form a matrix for the silts or are ac- 


tually involved in odor production. 


The nitrogenous compounds decompose 


first, followed by organic sulfur and 


* Presented at 29th Annual Oklahoma Wa- 
and Sewage Short Course; Stillwater, 
Dee, 12-16, 1955. 


the sulfates. The principal odorous 
compounds produced are cadaverine, 
indole, skatal, mercaptans and hydro- 
gen sulfide. Considerable work has been 
done by Pomeroy and Bowlus (1), 
Heukelekian (2), and others on reduc- 
tion of organic sulfur and sulfates to 
form hydrogen sulfide. Generally, or- 
ganic sulfur compounds produce hy- 
drogen sulfide before the sulfates, in 
that the anaerobiosis is 
greater in the latter. (Oxidation-re- 
duction potential is lower.) The rate 
of production of sulfides and conse- 
quent odors is accelerated by an in- 
crease in temperature and B.O.D. of 
the sewage. Normal sulfate concentra- 
tion apparently does not cause an odor 
increase but wastes containing high sul- 
fates would. Although sulfides are pro- 
duced in a pH range from 6.0 to 9.0, 
increases in pH reduce the proportion 
of hydrogen sulfide. For example at 
pH 6.0, 83 per cent of the dissolved 
sulfide is present as hydrogen sulfide, 
at pH 7.0, 33 per cent and at pH 8.0, 
only 5 per cent. It should be noted 
also that bacteria of the genus Thio- 
bacillus can rapidly oxidize hydrogen 
sulfide from the sewer atmosphere to 
form sulfuric acid. The lower oxida- 
tion-reduction potential (Redox) re- 
quired for sulfide production accounts 
for the observation that with ordinary 
velocities, the flowing sewage does not 
produce hydrogen sulfide in the usual 
time required for the sewage to reach 
the treatment plant. 


degree of 


The greater attention given to sul- 
fides as opposed to other odorous com- 
pounds is in all probability due to 
their corrosiveness. Odors from the re- 


991 
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duction of 
ptomaines 


proteins to the amines or 
cadaverine, indole, and ska- 
tal) will develop from the organic de 
posits and from the flowing sewage as 
Further- 
more, because of the higher Redox po- 
tential prior to hydrogen sulfide de- 
velopment, sewers may have odors even 
though hydrogen sulfide is not present. 


soon as it becomes septic. 


Location of Points of Concentration 


Sewers flowing full, or nearly full, 
on flat grades present the most likely 
conditions for odor production from de- 
These con- 
ditions also are most suitable for the 
conversion of hydrogen sulfide to sul- 
furie acid and the liberation of gas at 
ventilated manholes. Therefore, the 
initial studies were designed to locate 
hydraulically the ‘‘ points of concentra- 
tion’’ of sewage, or the points in the 
Oklahoma City 


posits and flowing sewage. 


where 


likely 


sewer system 


these conditions would most 
occur. 

Realizing that odors are generally 
associated with overload sewer condi- 
tions, a study was made of four trunk 
sewers, comparing their tributary area 
in terms of population served and co- 
incident sewer capacity at all interven- 
ing points. 
(A,)/d 
where sewer overloadings were most 
likely to occur. The constant was de- 
veloped as follows: 


A dimensionless constant 


was developed to indicate 


1. Sewer capacity 
Q = AV, let V remain 
(assume minimum flow). 
Then Q is proportional to A and 
consequently to d?. 
Quantity of sewage— 


constant 


Assuming an average per capita 


flow and an average residential 
population density. 

Then Q, the tributary area, 
proportional to A, expressed 
terms of acres. 

Relate the quantity of sewage 


the sewer capacity. 
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Then A,/d? = relative concentra- 
tion of sewage at points in any 
given type of sewer. 


The mathematically 
points of sewer overload correlated 
rather well with observed points of 
high odor conditions. In one trunk 
line, the values of A,/d* ranged from 
0.54 to 6.95; the higher values occurred 
where there was greater odor produc- 
tion. 


determined 


Methods of Odor Control 


There are numerous methods of con- 
trolling sewer odors and many of them 
have been studied in considerable de- 
tail. In general, they include: 


1. Methods directed at the removal 
of the slimes, grease, and silt deposits, 
such as mechanical cleaning, chemical 
cleaning with acid, caustics, or chlor- 
inated benzenes, and finally, the addi- 
tion of massive dosages of specific bio- 
logical cultures designed to utilize 
grease in the sewer environment. 

2. Methods directed toward the ox- 
idation of reduced compounds (sul- 
fides, for example) or increases in the 
oxidation-reduction potential of the 
sewage, including aeration, chlorina- 
tion, use of sodium nitrate, sodium 
chlorate, or ozone. 

3. Methods used to precipitate sul- 
fides such as the addition of iron salts, 
zine, or copper. 

4. Methods to reduce the amount of 
free gases by increasing the pH such 
as the use of lime. 

5. Reduction of B.O.D. and sulfate 
concentration by dilution or pretreat- 
ment of the wastes. 

6. Use of specific toxic substances to 
halt bacterial action, such as chlorine, 
chloroben, zine, copper, chloropropane, 
trichlorophenol, pentrachlorophenate or 
chromium, 


Oklahoma City Studies 


To date the Oklahoma City studies 
have been divided into two phases: 
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1. Empirical dosages of odor control 
materials and observations on selected 
sections of sewers known to produce 
odors. 

2. Laboratory studies on two phases 
of the odor production problem; one 
related to the flowing sewage and the 
other to the slime, organic silt and 
grease matrix. 


The three methods of odor control 
selected for study were chosen prima- 
rily because they were currently receiv- 
ing attention. Selected methods were: 

a) use of a biological additive, (b) 
use of chloroben, and (c) use of alka- 
line chlorination. Chlorine in alkaline 
solution was proposed as an economical 
use of chlorine in which the chlorine is 
released only as would be required to 
treat odors. 


Biological Additives 


Since the prevailing environment de- 
termines the type of bacterial activity 
present, the more conventional approach 
to the odor problem has been to clean 
the sewers mechanically, or render the 
bacterial life ineffective by the use of 
chemicals. Both processes are expen- 
sive. More recently considerable in- 
terest has been evidenced in the crea- 
tion of more favorable conditions by 
massive inoculation with a_ bacterial 
culture that will utilize the deposited 
organic material and grease as food, 
and thus clear the sewer walls of de- 
ecomposable solids. Inoculation merely 
accelerates the eventual determinative 
gcrowth. 

In these studies, a proprietary prod- 
uct * containing specific groups of 
facultative and aerobie bacteria, as 
well as fungal groups, was introduced 
into the sewer. The objective was to 
increase suddenly the rate of decom- 
of organic deposits, causing 
them to slough off, thus improving the 
flow conditions and providing fresher 
sewage with a higher oxygen-reduction 
potential. 


position 


* **Bioneties’’ manufactured by the Reli- 
ance Chemical Company, Houston, Texas. 
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Evaluating Techniques 


The tests chosen to reflect the envi- 
ronmental conditions of the sewer were 
principally to detect changes in grease, 
B.0.D., bacterial population and solids. 
These changes were the basis of the 
claim that the product was effective. 
Odor determinations were also made. 

Several different specific tests for 
sulfur odor production were made but 
results were too erratic to be useful. 
Oxygen-reduction potential apparatus 
was not available. As both nitrogenous 
and sulfur compounds were implicated 
in odor production, it was believed 
that conventional tests depicting envi- 
ronmental conditions were superior to 
a search for reduced products. 


Application of Additives 


In order to bring the bacteria up to 
a highly active state, a 5-gal. sample of 
sewage was inoculated with 5 Ib. of the 
biological additive and allowed to stand 
for 5 hr. before dumping it into the 
sewer. The application was made at 
the beginning of the period of min- 
imum flow or about 1:00 am on a Mon- 
day. 


Sewer Tests 


To determine the most effective 
method of application and sampling, 
three separate experiments were made 
on a representative sewer carrying sew- 
age at the rate of 0.5 m.g.d. 

In the first test, a section of the 
sewer which had no branch connection 
for about 2,000 ft. was used. Samples 
were taken at 7:00 am on each of 10 
days from a point at the lower end of 
this sewer to determine general varia- 
tions in sewage conditions. After the 
initial application of 5 lb. of additive, 
samples were taken above and below 
the point of application at 7:00 am 
each day allowing the sewage a travel 
time from the application point to the 
downstream sampling point of about 
15 min. After one week, a second ap- 
plication of 2 lb. was made and sam- 
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TABLE I.—-Effect of Biological Additive on the B.O.D., Settleable Solids, 


120 
270 


180 


180 
90 
276 
390 
300 
270 

1 255 
| 210 
300 
200 
315 
205 
180 
180 
320 
935 
155 
245 
220 
200 
330 
260 
280 
140 
426 
309 
130 
220 


1] AM 


Down- 


strea 


™m 


Grease and Bacterial Count, First Test 


Grease 


Up Down- 
stream stream 


32.6 
79.6 
89.8 
47.0 


46. 
40) 
97.8 
67.: 
14 
34 
109.3 
38.0 
107.7 29. 
1.4 29.1 


2 Additive added (5 lb.) 1 am. 


33 AM 


‘ Additive added (2.5 lb.) 1 am 


pling continued for another week. 


sett 


eable Solids 


D.p.0 


150 
450 
9,000 


21.000 
3.000 
600 
5.000 
1.500 
500 
2.500 
500 


1.000 | 


100 
1.500 
500 
3.000 
3.000 
14,500 
4,000 
1,000 
5.000 
1.500 
0 
9.000 
700 
2,000 
1.000 
7,500 
6,000 
22.000 
3,000 


The 


Down- 
stream 


4,000 

3,000 

4,000 

7,000 

1,800 
500 

2,000 
0 


1,100 


3,000 


1,000 | 


1,500 
2,000 
6,000 
10,000 
1,500 


“J ~j] =] 


MWA As SSN SSIS SSS Ss 


pH 


Down- 
stream 


oe OR A SE SE OS ST 


Plate Count 


} 


pstream 

.200,000 
200,000 
690,000 


202,000) 


111,890 


734,400 
77,000 


577,500} 
1,370,000) 


1,680,000) 


| 


Down- 
stream 


1,720,000 
270,000 
,010,000 


1,400,000 


sewage more travel time before sam- 


results of the tests (Table I) indicated 
such alteration of the biological envi- 
ronment that more extensive analysis 
using a longer contact period seemed 
desirable. The difference between the 
and 
showed a decrease in 


upstream downstream results 
B.O.D., and an 
average decrease in grease and solids. 
The bacterial plate count showed a 
very high initial reading. 

In the second test, application was 
made farther up the sewer to allow the 


pling began. Four applications were 
made simultaneously at four different 
points in two major branches of the 
main outfall. An application of 10 lb. 
was made at the upper end of one 
major branch, allowing a flow time to 
the point of sampling of about 2 hr. 
Two smaller applications of 5 lb. each 
were made in this same branch, allow- 
ing a flow time of 1 hr. to the point of 
sampling. The other major branch 
line was treated at a lift station and 
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the flow time from this station to the 
sampling point was about 1 hr. 

Samples were taken at the down- 
stream point used in the first experi- 
ment at 7:00 am each day for one week, 
then every other morning until the sew- 
age began to show a normal condition. 
Considerable rain fell during this pe- 
riod. 

Table II shows the effect of the addi- 
tive. The normal values shown are the 
average of 25 samples taken before and 
after this experiment. 

The third test was an attempt to de- 
termine the consistency of the immedi- 
ate rise in B.O.D., grease and settleable 
solids content of the sewage and to ex- 
tend this effect of the additive through 
the use of smaller applications. A 
6,000 ft. section of the sewer previously 
used was chosen. There were only five 
laterals between the sampling points 
and each of these laterals served only 
one or two blocks of homes. A series 
of upstream and downstream samples 
taken to determine the normal 
(without the additive) in 

The results showed no def- 
inite variation in B.O.D., grease con- 
tent, or bacterial plate count; however, 


were 
variations 


the sewage. 
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a slight decrease in the 1-hr. settleable 
solids was apparent at the downstream 
point. Applications were made at six 
different points, namely a 5-lb. applica- 
tion near the upper end of the sewer 
and 2-lb. applications in each of the 
five laterals. A total of 15 lb. of addi- 
tive was used. Samples were taken 
every 2 hr. above and below the points 
of application, starting 12 hr. after ap- 
plication. The flow time between the 
two sampling points was about 1 hr. 
Two weeks later the applications were 
repeated and a second series of 2-hr. 
samples were taken, starting 36 hr. 
after application of the additive. The 
results of this test are given in Table 
ITT. 


Chloroben 


The second study was to compare 
chloroben with the biological additives 
using the same criteria. The tests us- 
ing chloroben were made on the same 
section of sewer as the experiment us- 
ing biological additives. Samples were 
taken above and below the point of ap- 
plication, at 7:00 am each day for a 
period of one month. 

Chloroben was applied at a varying 


TABLE II.—Effect of Biological Additive at Downstream Sampling Point, 
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TABLE III.—Consistency of Immediate Effect of Biological Additive ' 
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‘ First samples collected 12 hr. after application of the additive. 


? Four-hour composite samples. 

rate to give a nearly constant concen- 
tration of the chemical in the sewage. 
The initial application was slightly less 
than 1 p.p.m. for one week; it was in- 
ereased to 1.5 p.p.m. and then to 2 
p.p.m. 


Results and Conclusions 


The tests showed that the addition 
of a biological additive had the imme- 
diate effect of increasing the values for 
grease content, settleable solids and 
bacteria plate count. A more stable 
pH resulted, with perhaps an increase 
in B.O.D. This immediate effect lasted 
only about 48 hr., after which the 
B.O.D. and settleable solids decreased 
to less than normal for about three 


| 


weeks. The bacteria plate count also 
decreased, but averaged above normal. 
The pH was little affected. 

The results herein indicate possible 
improvement but statistically the data 
do not provide a clear enough de- 
parture to enable the authors to draw 
definite conclusions without further 
study. Small dosage technique ap- 
pears better, and environmental 
changes as indicated by B.O.D. and 
solids determination appear to be use- 
ful in dosage control. The results also 
indicate that the B.O.D. and settleable 
solids may be used to determine the 
end point of an application. 

No noticeable change in the B.O.D., 
pH, or settleable solids was affected by 
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chloroben. A small decrease was noted 
in the bacterial count, but this could 
have been a result of the poorly con- 
trolled conditions. The field project 
was abandoned in favor of a labora- 
tory project in which conditions could 
be better controlled. 


Future Studies 


At the present time, laboratory stud- 
ies are underway on a small model sec- 
tion of sewer where performance can 
be observed to determine if slimes and 
grease can be removed by biological 
additives and chloroben, and suppressed 
by alkaline chlorination. 

Once these studies are completed, 8 
split, short sections of sewer will be 
studied. In addition to actual physi- 
eal observation of the slime growths, 
and the alteration in environment as 
determined by the standard tests used 
in Oklahoma City studies, Redox po- 
tential readings are planned. Basi- 
cally, the points of interest are: 


1. The evaluation of the effectiveness 
of Redox measurements in determining 
the effects of the various odor control 
methods used. 

2. The obtaining of more conclusive 
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evidence that additives produce en- 
vironmental changes in the flowing 
sewage. 

3. The effect of increased dosages of 
biological additives on the cyclic 
sloughing of sewer slimes, from the 
standpoint of food supply. 

4. The effect of hydraulic variables 
(flow depth, silt load, pipe material, 
ete.) on slime and odor development. 

5. The effect of additives on slime 
matrix in the absence of a flowing 
sewage. 
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ADMINISTRATIVE ENGINEERS 


The national shortage of engineers 
is commonly attributed to the disin- 
terest of high school students who shun 
the rigors of higher technical educa- 
Now another cause for the 
shortage been indicated at the 
other end of the ladder. 

A recent survey by Carnegie Insti- 
tute of Technology revealed that a 
majority of science and engineering 


tion 


has 


alumni are functioning in the higher 
echelons of administration and man- 
Results of a questionnaire 
sent to 18,000 alumni revealed that 
only one-fourth (2,391) of those hold- 


ing engineering degrees 


agement. 


science or 


listed their occupation as engineer, the 


rest were in administration, related oc- 
cupations or had left the field entirely. 
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CYANIDE AND CHROMIUM RECOVERY FROM 
PLATING WASTES * 


By Louis WEISBERG 


Respectively, 


This paper describes the treatment 
of electroplating wastes produced by 
Channel Master Corporation in Ellen- 
ville, New York. The most striking 
feature of this operation is the re- 
eovery of most of the so-called waste 
materials in useful form instead of de- 
stroying them by chemical treatment, 
as is the common practice. 

Channel Master Corporation manu- 
factures television antennas, some 
parts of which are made of steel 
These parts are electroplated with zinc 
to protect them against rusting, 
for additional protection the zinc- 
coated steel is given a dip in a solution 
which consists largely of chromic acid 


and 


Sources of Wastes 


There are three principal sources of 
waste in these operations, as follows: 


1. Before the steel can be plated, it 
has to be cleaned until it is free from 
oil, and oxide. This requires 
treatment with one or more strongly 
alkaline solutions to remove oil and 
grease, dipping in acid solutions to 
dissolve oxide and seale, and rinsing in 
running water between and after these 
various cleaning operations. Accord- 
ingly, these rinse waters contain some 
alkali and some acid. Eventually the 
cleaning and dipping solutions become 


gorease, 
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fouled and have to be dumped. Since 
the acid and alkali tend to neutralize 
each other, these wastes are allowed to 
mix and are collected together. 

2. The zine plating solution contains 
eyanide as well as dissolved zine and 
alkali. When the zine-coated parts 
are rinsed after plating, as they must 
be, the rinse waters pick up zine and 
eyanide, both of which are highly 
toxic. Therefore, these rinse waters 
are unsuitable for discharge into many 
streams unless they are sufficiently di- 
luted or treated. 

3. After the zinc-coated steel has 
gone through the chromic acid dip, it 
is rinsed again in running water. This 
rinse water contains enough chromic 
acid to render it objectionable. In ad- 
dition, the chromic acid dip gradually 
dissolves enough zine, iron, and triv- 
alent chromium so that it has to be 
dumped either entirely or in part. 
this solution contains a much 
higher concentration of chromie acid 
than the rinse water, it constitutes the 
principal source of chromie acid pollu- 
tion. 


Each of the three classes of waste 
mentioned is kept apart with as little 
opportunity for mixing with the others 
as ean be arranged. This is essential if 
anything useful is to be recovered, 

The collecting system includes a 
number of sumps and holding tanks, as 
well as drainage ditches, situated so as 
to eatch any accidental spillage or 


Sinee 
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overflow of waste-bearing solutions or 
rinses. 

Recovery of waste materials from 
the mixed acid and alkaline wastes is 
of questionable value. These mixed 
wastes are collected in one of two hold- 
ing tanks, where they are finally neu- 
tralized by adding either acid or alkali, 
as necessary, so as to bring the mix- 
ture to a pH between 6.5 and 8.5. 
After the mixture has been neutral- 
ized, any precipitate that forms is 
allowed to settle. The clear, neutral 
effluent is run off to a nearby creek. 
The sludge is cleaned out at intervals 
and dumped. Each of the holding 
tanks referred to here holds 15,000 
gal.; while one is being checked and 
discharged, the other is filling. 

If traces of cyanide are found to be 
present, the mixed wastes are treated 
with hypochlorite in a tank provided 
for this purpose. No attempt is made 
to recover this cyanide because it is so 
dilute and usually there is so little of 
it that recovery would be uneconomi- 
cal, The same holds true for chromic 
acid. If any is present, it is reduced 
to trivalent chromium by adding so- 
dium bisulfite and sulfurie acid. The 
trivalent chromium is then precipi- 
tated by adding lime and settling as 
previously described. 

The cyanide and chromic acid in the 
second and third types of waste pre- 
viously mentioned are well worth re- 
covering. Accordingly, a separate 
closed circuit has been set up for each 


PATH OF WORK 


“ 


7 
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of these waste discharges. Except for 
accidental contamination, which has 
proved negligible, there is no mixing of 
the cyanide and chromic acid wastes. 
Finally, there is no discharge of either 
eyanide or chromic acid anywhere out- 
side the Channel Master plant. All 
but an insignificant portion of both 
these materials is reeovered and used 
again, 


Cyanide Recovery 


The rinse water from the zine plat- 
ing operation contains substantially 
all the cyanide that ordinarily goes to 
waste. Recovery is effected by evap- 
orating the rinse water until the con- 
centration of cyanide in the evapo- 
rated solution is at least equal to that 
in the plating tank. This concentrate 
is pumped from the evaporator to a 
holding tank, from which it is even- 
tually returned to the plating tank. 
Since the rinse water contains not only 
cyanide, but also zine and other con- 
stituents of the plating solution, all in 
their proper proportions, evaporation 
recovers not only the cyanide but also 
the rest of the plating solution as well. 

To keep evaporation costs from be- 
coming excessive, it is necessary to 
avoid any more dilution than is ab- 
solutely necessary in rinsing the plated 
work. To produce a _ concentrated 
rinse and at the same time accomplish 
the most efficient washing possible, use 
is made of the countereurrent princi- 
ple, as shown in Figure 1. A four- 
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TO EVAPORATOR 


COMPARTMENT RINSE TANK 


FIGURE 1.—Countercurrent recovery rinse system. 





LOQOO 


compartment tank is arranged so that 
the plated work is carried through the 
four compartments in succession while 
rinse water flows through in the op- 
posite direction. 
is thus 


The same wash water 
four effect 
Fresh water is brought in contact with 
work that has already been rinsed in 


used times, in 


the three preceding compartments; as 
the water through 
concentration of 
cyanide which it carries increases, In 
the last compartment, the rinse water 
plated work coming directly 
from the plating tank and carrying un 
diluted plating solution. In this stage, 
therefore, the concentration of cyanide 
in the rinse water reaches its highest 
point 


SUCCESSIV e 


moves 
compartments, the 


meets 


-a point at which evaporation 
has been found to be economical. 

The counterflow principle in rinsing 
is an essential feature in this method 
eyanide because it pro 
highest attainable concen 
tration of cyanide in the solution to be 
evaporated and at the same time re- 
duces the concentration of cyanide o1 
leaving the 
the lowest point that can be attained 
with a given amount of 

When a 
Figure 1 is operated at a steady rate 


of recovering 
duces the 


the work rinse System to 


wash water 


tank such as that shown in 


for a period of time, a steady state is 
approached in which the composition 
in each compartment undergoes no fur 
ther change. It is a simple matter to 
find what these compositions must be 
by setting up a material balance, pro- 
viding of mixing between 
the solution carried over on the plated 
work and the 


the degree 


solution in each 


com- 


TABLE I. 
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partment is known or ean be estimated. 
In the ideal case, which is called ‘‘ good 
mixing,’’ the composition of the solu- 
tion earried out of each compartment 
will be the same as the composition left 
behind in that compartment. 

For comparison, a similar caleula- 
tion is shown in Table I for the case 
where the composition of the solution 
leaving each compartment is assumed 
to lie half-way between the composi- 
tion in that compartment and the com- 
position in the preceding compartment, 
or in the plating tank, as the case 
may be. This type of mixing, which 
is referred to as ‘‘half mixing,’’ is 
fairly representative of rather 
mixing. 

The governing 


poor 


besides the 
mixing, are the ratio be- 
tween the volume, or weight, of rinse 
and the volume, or weight, of 
water carried out of the plating solu- 
tion on the plated work and the num- 
ber of stages or compartments. 

Table I] percentage re- 
covery to be expected on the basis of 
ealeulations similar to those in Table I. 

In practice the flow of water through 
the countercurrent rinse tank has been 
regulated so that it falls somewhere be- 
tween 10 and 15 times the quantity of 
plating solution dragged out of the 
plating tank on the work per unit time. 


factors, 


degree of 


water 


shows the 


Since this is a small flow compared to 
what is commonly used in plating rinse 
tanks, it 
regulator 


is important to provide a 
enough to handle 
the small flow and to maintain an even 


flow 


sensitive 


independent of fluctuations in 


line pressure 


Compositions in Countercurrent Recovery Rinse System 


(as Per Cent of Composition in the Plating Tank) 


0.012 
0.0006 


Half Mixin 


2.6 
0.18 
0.06 
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TABLE II.—Percentage Recovery of Cyanide in Countercurrent Recovery Rinse 








\Water 
Feed 


Good Mixing 


Half Mixing 





Compart-\ Ratio 
ment, 5 10 


20 5 10 20 





80 90 95 


96 99 
99.2 99.9 
99.8 99.99 


40 45 47 


99.8 84 92 96 
99.98 93 97 
99.999 98 


98.6 


99.5 99.9 











The flow in the Channel Master rinse 
tanks ranges from 0.5 to 1.5 g.p.m. 
That these flows are adequate may be 
seen from Table III, which shows some 
typical results obtained under actual 
operating conditions. The values given 
for the first two stages represent aver- 
ages of 12 separate analyses made on 
12 different days. The water feed 
ratio estimated from these averages, 
on the assumption of good mixing, is 
13.7. No analyses were made on water 
from the third compartment. There- 
fore, the values given there are merely 
estimates based on the assumption that 
the mixing was good and the water 
feed ratio 13.7. 

The cyanide concentration for the 
fourth stage is the highest found at 
any time in several determinations. It 
appears to be out of line with the other 
values, but this is readily understood 
in view of the fact that there is a 
slight entrainment of eyanide in the 
steam coming from the evaporator; 
this steam is condensed and the water 
thus obtained is recirculated through 
the rinse tank. 

This test was made with parts that 
are comparatively easy to rinse and 
with good mixing in each compart- 


TABLE IIl.—Performance Test on 
Countercurrent Rinse Tank 





Cyanide Content, as HCN 





Compartment 


(oz./gal.) 


0.286 
0.021 

0.0015* 

0.0007 





* Estimate 


ment. Similar results probably hold 
good for all antenna parts with the 
exception of masts, which are made of 
tubing and which are plated in a hori- 
zontal position so drainage is not com- 
plete. 

The overflow from the rinse tank 
goes to a holding tank and from there 
passes through a preheater into a 
double-effect evaporator. The reason 
for using a double-effect evaporator 
rather than a single-effect unit is to 
conserve steam, the cost of which is 
rather high at the Channel Master 
plant. 

A double-effect evaporator consists 
essentially of two evaporators con- 
nected in series, but operating at dif- 
ferent pressures and therefore at dif- 
ferent temperatures. Steam produced 
at the higher temperature in one effect 
is used to evaporate more water in the 
effect operating at the lower tempera- 
ture. 

Specifically, in the present case 
steam at about 15 p.s.i. is supplied to 
the preheater and to the heating coils 
of the first effect. A vacuum of 18 in. 
of mercury is maintained in the first 
effect ; so the boiling temperature there 
is approximately 180° F., and the 
steam or water vapor leaving this effect 
has a temperature not far from this; 
for example, it would probably be 
available at about 175° F. 

The vacuum in the second effect is 
kept at 28 in. of mereury; so the boil- 
ing point there drops to 115° or per- 
haps even lower. The result is that a 
double-effect arrangement produces al- 
most twice as much evaporation per 
pound of steam as can be obtained 
with just one effect. It is estimated 
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FIGURE 2.—Double-effect evaporator with vacuum pump (A) and horizontal vessel (B). 


that when it is operating at capacity, 


the second effect will save enough 
steam to pay for itself, under the con- 
ditions prevailing, in about 18 months. 

The steam input to the evaporator is 
regulated by a float-type control oper- 
ating on the solution level in the hold- 
ing tank previously mentioned. The 


solution level within the evaporator is 
also controlled automatically. 

Figure 2 shows the evaporator, with 
the preheater in the foreground, fol- 
lowed by the first and second effects. 
A mechanical vacuum pump (A) in 
the background has now been replaced 
two-stage ejector. The 


by a steam 
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mechanical pump was used for a while 
because steam at 90 to 100 p.s.i., which 
is necessary to operate the ejector, was 
not available at that time. 

The horizontal vessel (B) on top of 
the platform in the background is the 
main Underneath 
condensate re- 
The distilled water which col- 
lects in this receiver is pumped out 
automatically whenever it reaches a 
This water is 
water in the counter- 
current rinse tanks. Steam condensed 
in the preheater and in the coils of 
the first effect contains no entrained 
eyanide and can be returned to the 


surface condenser. 
the condenser is the 
ceiver 


set level in the receiver. 


used as rinse 


boiler. 

The distilled water recirculated 
through the rinse tanks contains small 
amounts of eyanide as a result of en- 
trainment within the evaporator. To 
keep entrainment within bounds, each 
evaporator is provided with a mesh 
de-mister in the vapor head. Operat- 
ing experience indicates that entrain- 
ment amounts to less than 5 p.p.m. 
Since water is recirculated and 
goes to waste, there is no 
danger of its causing pollution. True, 
this leaves a slight residue of cyanide 
on the plated work leavine the last 
compartment of the rinse tank, but 
this is oxidized and destroyed in the 
chromic acid dip that follows. 

The concentrate produced in the see- 
ond effect is brought up to approxi- 
mately the same concentration as the 
solution in the zine plating tanks. 
Since the liquor in the evaporator is 
under vacuum, the concentrate has to 
be pumped out at intervals. The 
then it to a holding 
from is distributed to 


this 


none of it 


pump delivers 


tank, which it 


the various plating tanks as make-up 
is required, 


this coneentrate con- 
tains a small amount of chromate as a 
result of accidental contamination 
somewhere along the line. In this 
sodium added 
holding the 


Occasionally 


hydrosulfite is 
tank to 


event, 


in the reduce 
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chromate to trivalent chromium, which 
is harmless. It is the practice to treat 
the Channel Master zine plating solu- 
tions with sodium sulfide at intervals 
to precipitate heavy metals and other 
impurities. This treatment seems to 
take care of all accumulated impurities 
arising from continued re-use of the 
same solution, and it has not been 
necessary to discard any plating solu- 
tion or make use of any other purifica- 
tion procedure. 

Some platers have expressed amaze- 
ment at the fact that there has been 
no serious build-up of carbonate in the 
plating solution due to decomposition 
of cyanide during evaporation. This 
possibility was investigated in the lab- 
oratory and it was found that forma- 
tion of carbonate does not take place 
when cyanide solutions are evaporated 
in vacuum, Apparently carbonate for- 
mation takes place in cyanide solutions 
at an appreciable rate only when they 
are exposed to carbon dioxide, as is the 
ease when such solutions are heated in 
the presence of air. 

Steam used in the evaporator for 
heating comes to about 70 Ib., at 15 
p.s.i, per pound of sodium eyanide re- 
eovered. In addition, the ejector re- 
quires another 40 lb. of steam at 90 
to 100 p.s.i. per pound of sodium 
cyanide recovered. The condenser re- 
quires about 200 gal. of cooling water 
(at 60° F.) per pound of sodium eya- 
nide. With steam at $1.00 per 1,000 
lb. and water at $0.07 per 
1,000 gal., steam and water costs for 
evaporation add up to about $0.12 per 
pound of sodium cyanide, which is ap- 
proximately the current price of this 
material. This is the main cost, since 
the evaporator requires less than one 
man-hour of direct labor per shift to 
operate it. 

The Channel Master unit is recover- 
ing wastes from about 11,000 gal. of 
eyanide zine plating solution. The 
maximum recovery with this unit is 
approximately 160 lb. of sodium eya- 
nide per day. Of 


cooling 


course, zine and 
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other constituents of the plating solu- 
tion are recovered at the same time 

The usual method of handling cya 
nide wastes is to destroy the cyanide 
by oxidizing it with chlorine and so- 
dium hydroxide. The cost of chemi- 
eals, if this method were used at Ellen- 
ville, would be at least $0.60 per pound 
of sodium cyanide, to which must be 
added the cost of replacing the eya- 
nide, zine, and other materials which 
are completely lost by this method. 
This saving amounts to more than 
$100 a day for Channel Master Cor- 
poration. 


Chromate Recovery 


It has already been mentioned that 
chromic acid wastes occur in Channel 
Master’s operations in two ways: (a) 


as the concentrated chromic acid dip 
solution is used, it becomes contami- 
nated with zine, trivalent chromium, 
and iron, its effectiveness is diminished 
and it must be discarded, in whole or 
in part; and (b) as rinse water from 
this dipping operation. 

If the concentration of chromic acid 
in the rinse water becomes too high, 
the result is unsatisfactory. It is 
necessary here to use a large volume of 
rinse water (countercurrent rinsing is 
out of the question). At best, re- 
covery of such dilute chromic acid is a 
break-even proposition, but it is never- 
theless the least expensive way to deal 
with a potentially serious pollution 
problem. On the other hand, recovery 
of the more concentrated chromic acid 
from used dip solutions yields sub- 
stantial savings. 

Recovery of chromic acid in both in- 
stances is based on ion exchange. The 
basic idea of using ion exchange to 
clean up and recover chromic acid is 
not new (1); it has been used in con- 
nection with aluminum anodizing solu- 
tions, with chromium plating solutions, 
and with copper stripping solutions. 
However, the use of ion exchange in 
connection with chromic acid solutions 
for brightening zine coatings on steel 
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is new, so far as is known, and in- 
volves complications not encountered 
in earlier applications. 

Chromic acid in solution is present 
principally in the form of positively 
charged hydrogen ions and negatively 
charged chromate ions. Any dissolved 
zinc, iron, or trivalent chromium will 
be present as positively charged ions. 
Accordingly, a used chromic acid dip 
contains negatively charged chromate 
ions together with positively charged 
zinc, trivalent chromium, and _ iron 
ions. lon exchange makes it possible 
to remove these metal ions from the 
solution and replace them with an elee- 
trically equivalent quantity of hydro- 
gen ions. 

The resulting solution contains only 
positively charged hydrogen ions and 
negatively charged chromate ions—in 
short, the solution now contains sub- 
stantially pure chromic acid. In prac- 
tice, the exchange is seldom that com- 
plete; but it is entirely practicable to 
keep impurities at such a low level that 
they do not interfere with effective 
working of the dip solution. 

Ion exchange is carried out in 
columns such as those shown in Figure 
3. Each column is filled with a bed of 
synthetic ion exchange resin, an in- 
soluble granular solid which, depend- 
ing on its make-up, has the property of 
splitting off either positive or nega- 
tive ions and giving these up to the 
solution with which it is in contact 
and taking up in exchange from the 
solution an _ electrically equivalent 
quantity of ions bearing the same 
charge. There are two main types of 
ion exchange resin: one type is used 
to exchange positively charged ions, 
the other to 
charged ions (2). 


exchange negatively 

The direction in which the exchange 
takes place depends on the relative 
eoneentrations of the ions involved in 
the solution that is in contact with the 
resin. Accordingly, after the cation 
exchange loaded with 
zine, iron, and trivalent chromium, it 


resin becomes 
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can be regenerated by treating it with 
a solution containing a high concen- 
tration of hydrogens ions; for example, 
a 10 per cent solution of sulfuric acid. 

Regeneration is important because 
the resin is too expensive to be used 
once and then thrown away. The use- 
ful life of the resin should be measured 
in hundreds of cycles, providing it is 
not abused. When the cation resin is 
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treated with 10 per cent sulfuric acid, 
zine, iron and trivalent chromium go 
into solution. An equivalent quantity 
of hydrogen ions enter the resin bed, 
producing once more a cation exchange 
resin in the hydrogen form, ready to be 
used again after it has been washed 
with water to remove the last of the 
regenerant solution. 
The regenerant 


solution, 


together 





FIGURE 3.—Ion exchangers and auxiliary equipment for chromate, zinc and 
iron recovery. 
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with these washings from the cation 
exchanger, contains substantially all 
the zine, iron, and trivalent chromium 
taken up by the chromic acid dip along 
with sulfurie acid. To 
dispose of this solution, it is treated 
with lime to neutralize the acid and 


some excess 


precipitate a sludge consisting of cal- 
cium sulfate and oxides, or hydroxides, 


of zine, iron, and trivalent chromium. 
After the sludge has settled, the clear 
neutral effluent is run off to 
The sludge is dumped. 

It is noteworthy that this effluent 
and sludge produced in regenerating 
the cation exchange resin constitute the 
only waste products that have to be 
disposed of outside the Channel Master 
plant from the entire chromate re- 
covery process. 

The cation exchanger has to be 
washed with water after the chromic 
acid has passed through it and again 
after the regenerating solution has 
passed through. This, of course, pro 
duces some dilution. In general, it is 
diffieult to recover chromic acid at a 
concentration much above 100 g. per 
liter. Sinee the Channel Master dip 
solution higher concentration 
of chromic acid, some water has to be 
evaporated. For the time being, the 
evaporation is being carried out in an 
open stainless steel (type 316 
fitted with a stainless steel coil. 
corrosion has been observed, but it has 
not proved serious. 

A solu-bridge, which follows changes 
in electrical resistance, is used to con- 
trol the water valves, thus keeping di- 
lution to a minimum. 

The chromie acid dip solution is 
passed through the cation exchanger 


waste. 


uses a 


tank 
Some 


at regular intervals so as to keep the 
and 
with satisfactory corrosion resistance. 


zine coating coming out bright 
Ion exchange not only saves a sub- 
stantial amount of chromie acid, but 
also helps to maintain a higher stand- 
ard of quality with respect to the ap- 
pearance and corrosion resistance of 
the coating than was attained before. 
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A eomplicating factor may be noted 
in passing but need not be discussed 
at length because it has little effect on 
the waste treatment process. This 
complication arises from the fact that 
the chromie acid dip solution contains 
several other acids in addition to 
chromic acid. Although these other 
acids are present in relatively small 
amounts and although they too are 
present in solution as _ negatively 
charged ions, some of these ions com- 
bine with trivalent chromium ions to 
form postively charged complex ions 
which may be removed from the solu- 
tion through the action of the cation 
exchange resin. This effect has to be 
into account and so it became 
necessary to develop methods for ana- 
lyzing these rather complex mixtures 
so as to maintain and replenish the 
dip solution properly. 

Recovery of chromic acid from the 
rinse water is carried out in quite a 
different manner from that previously 
described. The chromic acid concen- 
tration in the rinse water is much less 
than in the dip solution. In fact, it is 
purposely kept low so as to obtain max- 


taken 


imum brightness and corrosion resist- 
ance. Essentially the rinse water con- 
tains positively charged hydrogen ions 
and negatively charged chromate ions. 
The chromate ions are removed from 
the water by passing it through an 
anion exchange resin. The anion ex- 
change resin gives up hydroxyl ions 
to the exchange for the 
chromate ions. 

Now the anion exchange resin is re- 
generated by treating it with a 10 per 
eent solution of sodium hydroxide. 
The previous action is reversed; the 


water in 


resin now gives up chromate ions to 
the regenerating solution and takes up 
hydroxyl ions in their place. The re- 
sulting solution—nominally a mixture 
of sodium chromate and some excess 
sodium hydroxide—contains positively 
together with 
negatively charged chromate and hy- 
droxyl This 


charged sodium ions, 


ions. solution is now 
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passed through a cation exchange 
resin, which takes out the sodium ions 
and replaces them with hydrogen ions. 
The only ions left are, therefore, hy- 
drogen, chromate and hydroxyl. Ex- 
cess hydrogen ions unite with the hy- 
droxyl ions to form water, leaving a 
solution of substantially pure chromic 
acid in water. In this process, the 
chromic acid solution produced at the 
end is much more concentrated than 
the rinse water, but it is still not con- 
eentrated enough to be used in replen- 
ishing Channel Master’s chromic acid 
solutions. Evaporation of some water 
is required, therefore, before this re- 
‘overed chromic acid can be used. 
Both the yield and the concentration 
of the chromic acid recovered can be 
increased by using a split regeneration 
technic, such as has been described by 
Keating, Dvorin and Calise (3). They 
split the hydroxide solution 
used to regenerate the anion exchange 
into three parts and use in 
countercurrent fashion. They also di- 
le the sulfuric acid used to regen- 


sodium 
resin 


vide 
erate the eation exchange resin into 
two portions, which again are used in 
with the countercurrent 
This procedure results in 
an increased recovery of chromic acid, 
an increased concentration of the re- 
covered acid, and an appreciable sav- 
ing in the cost of chemicals used for re- 


accordance 
principle 


veneratinge the ion exchange resins. 
The cation exchange resin comes in 
contact with a solution containing 150 
of chromic acid per liter, whereas 
the anion exchange resin is too sensi- 
tive to tolerate 
1,000 p.p.m. In 
exchan re 


concentrations above 
addition, the anion 
costs about three times 
as much as the cation resin. 

It may be 


resin 


of interest to come back 
briefly to what is done with the rinse 
water after it passes through the anion 
exchanger and gives up its chromic acid. 
This water is too good to throw away. 
through a eation ex- 
changer it is stripped of any positive 


This kind of 


By passing it 


ions that may be present. 
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water, which has been stripped of both 
positive and negative ions, is spoken 
of as demineralized water. Its purity 
is equal to, or better than, distilled 
water. It is recirculated and used 
again as rinse water. The use of de- 
mineralized water for rinsing after 
the chromic acid dip is believed to be 
responsible, in part at least, for the 
improved quality of the work since 
the ion exchange process was put in 
operation. 

Although the array of valves in Fig- 
ure 3 looks formidable, the operation 
of the ion exchange unit is really fairly 
simple. A few steps have been set up 
for automatic control, but for the most 
part operation is manual. Full auto- 
matie control would add substantially 
to the cost, especially in the case of a 
small unit, such as this one is. 

Costs of chromic acid recovery have 
been discussed in detail by Bueltman 
(4), although he does not include the 
eost of concentrating the acid by 
evaporation, as is done at Channel 
Master Corporation. As has already 
been mentioned, the cost of recovering 
chromic acid from the rinse water is 
barely self-supporting, but purifying 
and recovering chromic acid from dip 
solutions produces a handsome return. 
Channel Master Corporation operates 
about 700 gal. of these dips. The 
monthly saving from chromie acid re- 
eovery is now running over $3,000. 
This is without taking account of a 
considerable improvement in the qual- 
ity of the work that is being turned out 
now as compared to the quality pro- 
duced before the ion exchange process 
was placed in operation. 

The area required for the cyanide 


and chromic acid recovery equipment 


is 1,040 sq. ft., comprising a space 80 
ft. long, 13 ft. wide, and a ceiling 
height of 20 ft. The cost of the entire 
installation, including all parts of the 
waste handling system required to 
classify and segregate the three dif- 
ferent types of waste, comes to a total 
of approximately $100,000. 





LOOS SEWAGE AND 
the substantial savings 
achieved, the return on the investment 
would appear to be satisfactory. No 
cyanide or chromie acid is being dis- 
charged to waste and all applicable 
regulations in regard to pollution are 
being met. 


In view of 
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APPLICATIONS FOR SANITARY ENGINEERING 
CERTIFICATION NOW AVAILABLE 


The American Sanitary Engineering In- 
tersociety Board, Inc. is now receiving ap- 
plications from registered sanitary engi 
neers who are interested in being certified 
by the Board. Those certified will be 
earried on a roster to be known as the 
American Academy of Sanitary Engineer- 
ing. 

Certification by the Board is patterned 
after the specialty boards of the Ameri- 
ean Medical Society. Each applicant must 
meet three basic requirements: 


1. Be currently registered as a pro- 
fessional engineer in one of the states 
of the United States. 

Be a graduate of an accredited col- 
lege of engineering or have proved 
experience and practice. 

3e engaged in some aspect of sani- 
tary engineering with at least eight 
years satisfactory experience. 


The examination will consist of two parts 
-written and oral. The written examina 
tion will be of the multiple choice type. 
A special committee is working on this 
task and it is planned to give the first 
examination early in 1957. Each candi 
date will stand an oral examination 
before a board composed of diplomates of 
the Academy of Sanitary Engineering. It 
is anticipated that two general examina- 
tions will be held each year. An applica- 
tion fee of $10.00 must accompany each ap 


also 


plication. The examination fee is $25.00, 
whether or not the examination is waived. 

First engineers to be certified by the 
Board will be those who have 15 years 
of satisfactory experience. This “founder” 
group will be certified without examination 
provided application is received prior to 
July 1, 1957. 

Certification of the first group of sani- 
tary engineers will culminate the efforts 
of various individuals interested in the pro- 
fessional recognition and advancement of 
sanitary engineers. Initial efforts were 
started almost five years ago. The careful 
planning that has gone into the organiza- 
tion of the American Sanitary Engineering 
Intersociety Board should make member- 
ship in it a most respected honor in the 
professional engineering field. Organizers 
of the Board include the American Society 
of Engineering Education, American So 
ciety of Civil Engineers, American Public 
Health Association, American Water Works 
Association and the Federation of Sewage 
and Industrial Wastes Associations. The 
Federation representatives for this activity 
are Ray Lawrence, Dwight Metzler and 
R. 8. Rankin. 

Copies of the Certificate of Incorpora- 
tion and Bylaws, and application forms, 
may be obtained from Francis B. Elder, 
Secretary, American Sanitary Engineering 
Intersociety Board, Ine., 33 West 39th 
Street, New York 18, N. Y. 





TRICKLING FILTER TREATMENT OF WASTES AT 
TWO MILK PROCESSING PLANTS * 


By S. IL. Zack 


Chief, 


In general, milk wastes are subject 
to treatment by the same biological 
processes applicable to sewage. How- 
ever, seasonal milk loads, variation in 
rates of milk wastes discharged over a 
24-hr. period, processing operations, 
concentration of dissolved organic mat- 
ter in solution, low organic matter con- 
tent in suspension, and other factors 
and characteristics, present problems 
which can be met only by an individ- 
ually tailored design for each installa- 
tion, whether milk wastes are treated 
separately or in combination with mu- 
nicipal sewage. 

The author had the opportunity to 
design two milk waste plants which 
have been placed in operation recently, 
one for the Borden Company at Ar- 
eade, N. Y., and one for Abbotts 
Dairies, Ine., at Belleville, Pa. Al- 
though this presentation is intended 
primarily to cover the Areade plant. 
design features of the Belleville plant 
have been included as a matter of 
added interest and for a comparison 
of individual features. 


Plant Location and Operations 


The Manufacturing Products Di- 
The Borden Company is 
situated in Areade, N. Y. (pop. 1,821 
by the 1950 Census), on the northern 
bank of Cattaraugus Creek approxi- 
mately 10 miles from the headwaters. 
Powdered milk known as ‘‘Starlae”’ is 
produced from skim and condensed 
skim milk at this plant. 


* Presented at 1956 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 18-20, 1956. 


vision of 


Sanitary Division, Gannett Fleming Corddry § Carpenter, Inc. 


, Harrisburg, Pa. 


Whole milk is brought to the plant 
in cans and in tank trucks; skim milk 
and condensed skim milk are also 
brought to this plant in tank trucks. 
Cream is separated and made into 
butter. 

A fairly uniform manufacturing 
schedule without the usual seasonal 
fluctuations is maintained. Normally 
about 120 persons are employed during 
a 24-hr. day, 7 days per week. 

Water of potable quality, required 
for washing tanks, cans, and for sani- 
tary purposes, is purchased from the 
Village of Arcade. Water for cooling 
purposes is pumped from Cattaraugus 
Creek. 

In the past a part of the wastes was 
discharged to the village sewage treat- 
ment plant and part to the creek. 


Source of Milk Wastes 


Milk wastes discharged to the village 
sewers originated from the process in- 
volving the receiving of whole milk, 
weighing, can washing, cream separa- 
tion, skim milk preparation, pasteur- 
ization, and butter making from sepa- 
rated cream. Wastes discharged to 
Cattaraugus Creek originated from 
processes in manufacturing powdered 
milk, such as superheating, evapor- 
ating, drying, sifting, packing, ete. 
Most of the sanitary sewage has been 
discharged to the village sewers, with 
only a small amount the 
creek. 


going to 


Village Sewage Treatment Plant 


The village sewage treatment plant 
includes a bar sereen, Parshall flume. 
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Imhoff tank, standard rock filter and 
dosing final settling tank of 
limited capacity, glass covered sludge 
drying beds, and chlorinating facili- 
This plant was designed for a 
population of 2,500 persons and an 
average flow of 250,000 g.p.d. Part 
of the construction funds were sup- 
plied by the Works Progress Adminis- 
tration. 

Even with flows averaging only 
about 200,000 g.p.d., which included 
only 16,000 gal. of milk wastes, pooling 
difficulties encountered on the 
standard filter and the 
health authorities did not consider the 
effluent to be acceptable. At the same 
time, Borden was being asked by the 
Health Department to take the milk 
waste pollution out of Cattaraugus 
Creek. Because of the condition of the 
filter and effluent at the village plant 
Borden was not permitted to discharge 
additional milk wastes to that plant 
and was being asked to take the milk 


tanks, 


t1es 


were 


rock state 


wastes out of the village sewers. 

The village and state officials, how- 
ever, approved the installation of a 
temporary pump by Borden to recir 
culate filtered effluent in an endeavor 
to produce an acceptable effluent, and 
directives relating to disposal of milk 
wastes were held in abeyance pending 
the completion of an engineering in 
vestigation to determine the improve 
ments needed at the village plant for 
handling all of the milk wastes. 

Existing pooling of the filter was 
eliminated by recireulation supple 
TABLE I. 


Volume (g.7 


Milk 
| Receipts 


It 


| 
Per 1.000 


Total | Lb. Milk 
| 
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mented by 
chlorination, 


backflooding and heavy 
resulting in an effluent 
improved to the extent that it was con- 
sidered to be acceptable for the milk 
wastes and sewage being handled. 

It was determined that the improve- 
ments and additions necessary for 
handling all of the Borden milk wastes 
could be made under a step program 
of about five years, at a total cost of 
about $100,000. 
to providing the 


Borden was agreeable 
funds for the im- 
provements, and in addition to paying 
a substantial rental as its full propor- 
tionate share of the expense of opera- 
tion and maintenance. It was found 
that the Village Board of Trustees 
could not legally bind itself to a long- 
term contract necessary for protection 
It therefore 
became necessary for the Borden Com- 


of the Borden Company. 


pany to design and build its own waste 
treatment plant. Pending completion 
of this plant an agreement was made 
for handling the wastes then being dis- 
charged to the village plant. 


Volumes and Pollution Loads 


The Borden wastes were gaged and 
sampled on May 4, 5, and August 15 
and 14, 1951. Total volumes of wastes 
and pollution loads found during both 
of these investigations shown in 
Table I. Variations in waste flow rates 
during the May investigation 
shown in Figure 1. 

The volume of polluted 
wastes found by these investigations 
varied from 47,000 to 183,000 g.p.d., 


are 


are 


so-called 


Waste Volumes and Pollution Loads, Borden Food Products Co., Arcade, N. Y. 


B.O.D. (Ib./day 


Polluted Non-Polluted 


Per 1,000 
| Lb. Milk 


Per 1,000 | Per 1,000 


Lb. Milk otal [hb Milk | Total 


( 0.85 33 
( 0.73 7 | 
0 1.03 93 | 0.19 
0 . 0.79 686! | 1.62 


575,000 : 
570,000 
1,016,000 


May 4 
May 
Aug. 
Aug. 


| 450,000 
456,000 | 
179,000 
$24 000 


56,000} 125 

17,000 103 
172,000} 360 
183,000; 430 


0.073 
0.059 


, ‘ 

20) 
2,12 
24 


946,000 y 


‘ 


1 Due to numerous pan boil-overs 
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FIGURE 1.—Variations in waste flow rates, 


or from 103 to 430 gal. of waste per 
1,000 lb. of milk received. Pollution 
loads of the polluted wastes varied 
3 to 494 lb. of B.O.D. per day, 
equivalent to from 0.73 to 1.03 Ib. of 
B.O.D. per 1,000 lb. of milk received. 
So-called non-polluted volumes consist- 
ing of spent cooling water from evap- 
orators and refrigeration water ranged 
from 570,000 to 1,016,000 g.p.d., equiv- 
alent to from 1,260 to 2,240 gal. per 
1,000 lb. of milk received. 

During May, with more or less lim- 
ited use of evaporator equipment, pol- 
lution loads of the spent cooling and 
refrigeration water ranged from 27 to 
33 lb. of B.O.D. per day, or 0.059 to 
0.073 lb. of B.O.D. per 1,000 Ib. of 
milk received. With heavy use of the 
evaporation equipment in August, the 
B.O.D. content of these wastes ranged 
from 93 to 686 lb. per day, or from 


from 3: 


ay =a 


; 


Borden Food Products Co., Arcade, N. Y. 


0.19 to 1.62 lb. of B.O.D. per 1,000 Ib. 
of milk received. 

The high pollution loads found in 
August were due to excessive entrain- 
ment loss and numerous boil-overs of 
evaporation equipment. By installa- 
tion of liquid level controls, alarms, 
eareful operation, ete., the B.O.D. con- 
tent of the spent cooling waters can 
normally be held to limits as found 
during the May investigation. These 
values are of a magnitude equal to 
those found in the effluent from the 
most efficient high-degree waste treat- 
ment plant. Consequently, as a matter 
of economy control of losses in spent 
cooling water is advocated, rather than 
treatment. 


Treatment Plant Selection 


Before the type of waste treatment 
plant was adopted for design and con- 
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FIGURE 2.—Flow sheet for milk waste plant using duo-clarifier and duo-filter units, 
Arcade plant. 


struction, consideration was given to 
one or more of the processes in the 
stage of development. These included 
such processes as long-period aeration, 

4 hr. obtain a 
treated effluent and to oxidize or burn 
up most of the sludge with discharge 
of such residual sludge to the stream 
with the effluent; and fill and draw, as 
well as continuous-flow, conventional 
activated sludge treatment. Estimates 
indicated that for the volume and 
strength of involved these 
plants would be more costly both to 
construct and to operate than a high- 
rate recirculating trickling filter plant. 
Furthermore, the high-rate filter plant 
was considered to be less sensitive to 
characteristies and 
subject to more positive control to give 
consistent results. The area available 


more or less to 


wastes 


changes in waste 


was not suitable for the construction of 
a standard trickling filter plant and 
a high-rate recirculating plant was 
adopted. 

The plant selected was of the com- 
plete treatment type providing pri- 
mary and secondary sedimentation, 
parallel double-stage high-rate rock fil- 
tration, separate sludge digestion, and 
facilities for drying of digested sludge 
solids. The principal units of the 
plant comprised a control building 
housing primary and secondary re- 
circulation pumps, chlorination facili- 
ties, a so-called duo-clarifier * provid- 
ing both primary and secondary sedi- 
mentation in one circular unit, a duo- 
filter * and distributor mechanism pro- 
viding two stages of rock filtration in 

7 Equipment of the type marketed by the 
Dorr-Oliver Co. 
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one filter structure, an enclosed un- 
heated tank for sludge digestion, and 
open earth embanked sand drying 
beds. 

All milk wastes flow by gravity to 
the wet well of the first-stage constant 
capacity pumps. This well also re- 
ceives by gravity first-stage filter ef- 
fluent plus first-stage recirculation and 
a flow from the primary clarifier con- 
trolled by a butterfly valve for hy- 
draulic balancing purposes. The first- 
stage pumps have capacity for the 
maximum flow of milk wastes or a 
balanced combination of milk waste 
flow plus recirculation equivalent to 
the maximum flow of wastes. These 
pumps discharge to the influent well 
of the primary compartment of the 
duo-clarifier for sedimentation and 
clarification. 

The influent to the first stage of the 
duo-filter is taken off the recirculation 
launders of the primary compartment 
of the duo-clarifier. That portion of 
the settled effluent from the primary 
compartment of the duo-clarifier flow- 
ing over the effluent weirs located at 
the periphery of the tank is combined 
with recirculation from the secondary 
compartment of the duo-clarifier con- 
trolled by a butterfly valve, and jointly 
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discharged by gravity to the second 
stage of the duo-filter. The effluent 
from the second stage of the duo-filter 
drains by gravity to the wet well of 
the second-stage constant capacity 
pumps and is pumped to the influent 
well of the secondary compartment of 
the duo-clarifier. Second-stage recir- 
culation is taken off the recirculation 
launders of the secondary compart- 
ment of the duo-clarifier. Treated 
plant effluent constitutes that portion 
discharged from the secondary com- 
partment of the duo-clarifier over the 
effluent weirs at its periphery. A dia- 
gram of the flow scheme is shown in 
Figure 2. 

Sludge and scum removed from both 
the primary and secondary compart- 
ments of the duo-clarifier is pumped to 
an unheated sludge digester for de- 
composition and stabilization. Di- 
gested sludge is drained by gravity to 
open sand drying beds for dewatering 
and ultimate disposal as fill. A piping 
and flow diagram of the treatment 
plant is shown in Figure 3. 


Design of Treatment Plant 


The daily milk receipts each month 
range from a maximum of 160 per cent 
to a minimum of 60 per cent of the 
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FIGURE 3.—Piping and flow diagram, Arcade plant. 
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The ratios 
maximum, and minimum 
milk receipts for each month as the 
ratio for the average daily for the year 
are shown in Figure 4. 

To take 
and 
design 


daily average for the year. 
of average, 


crowth 

plant 
receipts 
600,000 
; milk wastes amounting to 

175,000 @.p.d. and a 
525,000 g.p.d.; and a 
milk waste pollution load amounting to 
200 lb. of B.O.D. per day, caleulated to 
result in a B.O.D. concentration of 340 
p.p.m 
3,000. The design also provided for a 
suspended solids load of 250 Ib. per 
day, calculated to be 170 p.p.m., and a 


reasonable 
the 
milk 
amounting to a maximum of 


care of 
maximum variations, 


was based on 
lb. per day 
an average of 


maximum of 


and a population equivalent of 


population equivalent of 1,250 on the 
0.2 lb. 
capita per day. 


basis of suspended solids per 


The 
ume and pollution load design basis 


milk waste vol- 


are given in Table II. 
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TABLE II.—Design Basis—Flows and 
Pollution Loads of Two Milk 
Waste Treatment Plants 


Item Borden! Abbotts? 
Waste flow (g.p.d.): 

Average | 175,000 

Maximum 525,000 | 

Minimum 0 
B.O.D.: 

Pounds per day 

P.p.m 

Pop. equiv., at 0.167 Ib. | 
Suspended solids: 

Pounds per day } 25 

P.p.m. 640 

Pop. equiv., at 0.20 Ib. | 800 
Employees* 50 
Milk receipts (Ib./day)* 600,000 | 150,000 


30,000 
200,000 
0 


500 
340 
3,000 


325 
1,300 
1,950 





160 


' Arcade, N. } 
? Belleville, Pa. 
’ Maximum during flush season 


The basis of design of the pumping 
station and of the principal units of 
the treatment plant are given in Table 


III. 
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FIGURE 4.—Seasonal trends in milk receipts, Arcade plant, Borden Food Products Co. 
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TABLE III.—Design Basis, Milk Waste Treatment Plant Units 








Unit Item 





Borden! 


Abbotts* 
| 


Pumping station: 
Primary pumps 
Secondary pumps 


0.875 
0.520 


Flow (m.g.d.) 
Flow (m.g.d.) 


0.36 
0.22 


Duo-clarifier : 
Primary compt. Flow (m.g.d.) 
Detention (hr.) 
Overflow (g.p.d./sq. ft.) 
Flow (m.g.d.) 
Detention (hr.) 1.40 1.5 
Overflow (g.p.d./sq. ft.) | 1,080 980 
Diameter (ft.) : 24 
Sidewater depth (ft.) 8.25 


0.875 

0.85 
1,800 

0.520 


0.36 

1.0 
1,600 

0.22 


Secondary compt. 


Flow (m.g.d.) 

B.O.D.* (lb./eu. yd./day) 
Hydr. load (m.g.a.d.) 
Flow (m.g.d.) 

B.0.D.* (Ib./cu. yd./day) 
Hydr. load (m.g.a.d.) 
B.O.D.3 (Ib./cu. yd./day) 


0.16 
2.42 
10.7 
0.22 
0.61 
30.0 
1.8 


Secondar\ 


Diameter (ft.) 

Rock depth (ft.) 

Susp. solids pop. equiv 
Dig. capacity (cu. ft./cap.) 
Diameter (ft.) 


Digester (unheated) 


35.0 

6.0 
800 

3.1 
15 


Sidewater depth (ft.) 


Sand drying beds (open) 


Pop. equivalent 


Drying area (sq. ft./cap.) 


Length (ft.) 
Width (ft.) 


‘Arcade, N. Y 
? Belleville, Pa. 


>In terms of raw waste only. 


The first-stage pumps were designed 
to handle a flow equal to five times the 
average milk waste flow, or 1.65 times 


the peak design flow. The second-stage 
were designed to handle three 
s the average flow and an amount 
the maximum flow. 
The primary compartment of the duo- 
clarifier for the full 
pumping the primary 
pumps and the secondary compartment 
for the pumping capacity of the see- 
pumps, thus providing about 
0.85 hr. in the primary and 1.4 hr. in 
ndary compartment of the duo- 
as detention time. The over- 
flow rate in the primary compartment 
was based on 1,800 g.p.d. and the rate 
in the secondary compartment on 1,080 
g.p.d. per square foot. 


pumps 
Time 
equal to sewage 
was designed 


capacity of 


lary 
ondary 


t} e sect 


clarifier 


The first-stage filter was designed for 
a flow of 350,000 g.p.d., amounting to 
a dosing rate of 21.6 m.g.a.d., and the 
second-stage filter for a flow of 525,000 
g.p.d., amounting to a dosing rate of 
25.7 m.g.a.d. The B.O.D. load on the 
first stage of the duo-filter amounts to 
3.8 lb. per cubie yard per day, and on 
the second stage 0.77 lb. per cubic 
yard per day. Thus, the over-all load- 
ing in terms of B.O.D. in raw wastes 
amounts to 2.13 lb. per eubie yard per 


day. The sludge digester is unheated 


and is designed for a population equiv- 


alent 
solids. 


of 1,250 based on suspended 
A digestion capacity of 4 eu. 
ft. per capita of population equivalent 
is provided. 
Although there is likely to be some 
solids produced from precipitation and 
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coalescence of solids in colloidal con- 
dition, it is believed that the digestion 
capacity provided is adequate. Since 
milk solids are primarily of digestible 
composition, drying bed capacity is 
provided for a population of 600 at 1 
sq. ft. per capita of population equiv 
alent. Very limited information is 
available from which to design di- 
gesters and drying beds; therefore, by 
necessity most digestion tanks and dry- 
ing beds for milk wastes probably are 
larger than they need to be. Some 
reports have indicated that milk waste 
solids can be digested completely with- 
out residual sludge. However, because 
of the critical location of the treatment 
plant site it was considered essential to 
provide some drying beds in case it was 
necessary to remove sludge from the 
digester. The digester was equipped 
with the usual safety devices normally 
used in connection with the collection 
of sludge gas, and also with a waste gas 
burner for burning produced. 
Estimates indicated that sufficient gas 
would not be produced to make utiliza- 
tion feasible or practical. 


gas 


Sanitary Sewage 


Although it was originally planned 
to separate the sanitary sewage and 
continue to discharge it to the village 
sewage treatment plant, such separa- 
tion was found to be difficult and 
costly, and it was decided to discharge 
the sanitary sewage from about 150 
employees to the milk waste treatment 
plant. To make this practical and 
feasible a comminutor and 
screen are being purchased. 


bypass 


Initial Operation 


The Borden milk waste treatment 
plant was placed in operation during 
October 1955. No particularly diffi- 
eult operating problems have been en 
countered. When operation of the di- 
gester was started it was seeded with 
sludge from the village sewage treat- 
ment plant and the pH of the sludge 
immediately changed from the acid to 
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the alkaline side necessary for proper 
digestion. Build-up of biologie action 
in the trickling filter was rather slow 
because of the cold weather. As a 
result it was not possible to determine 
what efficiency was being obtained as 
a result of the treatment. 

There is an indication that some 
short-circuiting exists from the pri- 
mary compartment of the clarifier to 
the secondary compartment. As a 
result milky appearanee still 
exists in the effluent from the second- 
ary filter. Some of this milkiness is 
expected to disappear when biologic 
activity optimum for purification of 
organic matter is attained. However, 
it is obvious that some physical changes 
in baffling and in recireulation will be 
necessary to eliminate completely the 
milkiness in the secondary effluent. 


some 


Abbotts Dairies Waste Treatment 
Plant 


As a result of studies at the milk 
processing plant of Abbotts Dairies, 
Ine., at Belleville, Pa., a plant similar 
to the Borden plant was built. 

The milk operations at Belleville 
consist of whole milk receiving, cool- 
ing, canning, pasteurizing, separating ; 
whole and skim milk condensing; con- 
densed skim milk drying ; and the proc- 
essing of butter, cream cheese, and ice 
cream mix. About 40 to 50 persons 
are employed in the summer months 
and the plant operates from 18 to 24 
hr. per day. Approximately 30 per- 
sons are employed during the winter 
months when operation is from 12 to 
18 hr. per day. Milk receipts vary 
from about 90,000 lb. per day in winter 
to 140,000 lb. per day in summer. The 
operations from which waste waters 
are discharged are as follows: 


1. Washing and cleaning cans, floors, 
milk drain piping, and processing 
equipment. 

2. Cooling, evaporation, drying, and 
refrigeration. 

3. Sanitary facilities. 
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TABLE IV.—Waste Volumes and Pollution Loads, Abbotts Dairies, Belleville, Pa. 





Volume (g.p.d.) | B.O.D. (tb./day) 











| 


Date Milk Polluted Non-Polluted Polluted Non-Polluted 


1952 Receipts 





aq 
. Per 1,000 Per 1,000 | Per 1,000} Per 1,000 
Total |b. Milk} Tot! | yp. Mik) Totel [pp Nik) Total | Lb. Mink 





May 27* | 150,000 | 27,000 | 180 384,000 | 2,560 365 2.4: 26 0.17 
May 28* | 150,000 | 27,000 180 | 342,000 | 2,280 350 3 0.13 
Dec. 3tf 107,000 21,600 202 60,000 560 61 
Dec. 4t | 108,000 | 16,600 154 20,000 185 54 























* Before segregation of whey and start of good housekeeping practices. 
t After segregation of whey and start of good housekeeping practices. 


For purposes of determining waste ing these investigations are given in 
volumes and pollution loads to estab- Table IV. Variation in waste flow 
lish a basis of design for the treatment rates gaged during the May investi- 
plant constructed, the wastes were gation are shown in Figure 5. 
gaged and sampled during May 27, 28 The volume of waste containing the 
and December 3 and 4, 1952. Waste bulk of the plant milk losses, so-called 
volumes and pollution loads found dur- polluted wastes, varied from about 
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FIGURE 5.—Variations in waste flow rates, Abbotts Dairies, Inc., Belleville, Pa. 
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17,000 to 27,000 g.p.d., or from 154 to 
202 gal. per 1,000 lb. of milk received. 
In May, prior to whey segregation 
from wastes discharged from the plant, 
the B.O.D. content of the polluted 
wastes amounted to 180 lb. per day, or 
about 2.35 lb. per 1,000 lb. of milk 
In December, after the dis- 
charge of whey with other wastes was 
discontinued, the whey 


received. 


being segre 
to farmers for live- 
the B.O.D. content of 
the polluted wastes ranged from 154 to 
202 lb. per day, equivalent to 0.5 and 
0.57 lb. per 1,000 lb. of milk received, 
respectively. 

In volume the unpolluted wastes 
varied from 20,000 to 384,000 g.p.d., 
equivalent to from 185 to 2,560 gal. per 
1,000 lb. of milk received. B.O.D. con 
tent of the unpolluted wastes ranged 
from 0.2 to 26 lb. per day, or from 
0.0018 to 0.17 lb. per 1,000 lb. of milk 
received. 


gated and given 


stock feeding, 
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In order to determine the capacity of 
treatment plant required, daily milk 
receipts for each month in 1952 were 
plotted as a function of the average 
daily receipts for the year, as shown in 
Figure 6. Minimum and maximum re- 
ceipts, compared to average receipts, 
amounted to 60 and 130 per cent, re- 
spectively. 

The Water 


Board has adopted standards developed 


Pennsylvania Sanitary 


in cooperation with the Pennsylvania 
Association of Milk Dealers, Inc. These 
standards indicate the average B.O.D. 
content of wastes from each operation 
in a milk plant where an average de- 
of 
‘‘vo0d housekeeping’’ is practiced. 
The B.O.D. load the 
December 1952 operations at the Ab- 
botts plant 


eree ‘*econservation’’ or so-called 


computed for 


state standards and 
B.O.D. 
tually found by gaging and sampling 


from 


a comparison with loads ac- 
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FIGURE 6.—Season trends in milk receipts, Belleville plant, Abbotts Dairies. 
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TABLE V.—Comparison of Actual Pollution 
Loads with Those Computed from State 
Standards, Abbotts Dairy 


B.O.D. (Ib./day)* 


Receiving and cooling 

Tank truck to and from plant 

Storing in tank 

Evaporating whole milk: 
Floor waste 





Entrainment loss 
Cream separating 
Cream pasteurization, cool- 
ing, and can filling 
Cottage cheese making 
Milk pasteurization, cooling, 
and bottling 
Total poll. load computed 
from standards 
Total poll. load by 


sampling and analysis 


11.5 


118.5 





67.4 





* From standards of the Pennsylvania Sani- 
tary Water Board. 


of wastes in 
Table V. 
The plant was designed for an aver- 
age flow of 30,000 g.p.d. and a maxi- 
mum of 200,000 g.p.d. Plant design 
provided for a maximum milk waste 
load estimated from the handling of 
150,000 Ib. per day. The treatment 
plant was designed for a B.O.D. load 


December are given in 
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of 325 lb. per day, which indicates a 
waste of 1,300 p.p.m. B.O.D., or a pop- 
ulation equivalent of 1,950 persons. 
Design was based on a suspended solids 
load of 160 lb. per day, or a concen- 
tration of 640 p.p.m., caleulated to be 
a population equivalent of 800. The 
volumes and pollution loads adopted 
for design are given in Table II. 

The design factors for each of the 
treatment units are given in Table ITT. 
In general they concur with those 
adopted for the Borden plant. Be- 
cause of the greater concentration of 
B.0.D., the B.O.D. loading was lower 
for the Abbotts plant. 


Cost of Waste Treatment Plants 


The Borden waste treatment plant 
was constructed at a cost of about 
$100,000, and the Abbotts plant at a 
cost of about $70,000. Annual oper- 
ating costs were estimated at $4,000 
and $2,500 per year, respectively. The 
construction cost in each case amounts 
to about $200 per pound of B.O.D. of 
design capacity. The total cost of 
treatment is estimated at about $0.055 
per 1,000 Ib. of maximum milk handled 
at the Borden plant, and $0.148 at the 
Abbotts plant. This amounts to about 
$0.07 per pound of B.O.D. in the waste 
as provided for by design. 


PERMANENT WATER POLLUTION CONTROL LAW 


Public Law 660, known as S. 890 during 
recent months of Congressional considera- 
tion, extends and strengthens the first Fed- 
eral Water Pollution Control Act (P. L. 
845) enacted in 1948, and creates a perma- 
water pollution control statute. 

The new law has broadened and strength- 
ened the preceding law in several respects 
—particularly with respect to research, 
state program grants, and Federal enforce- 
ment of pollution on interstate streams. 
Increased emphasis is placed on research 
and training, both publie and private. Au- 
thorization is given for appropriations up 
to $3 million per year for five years for 


nent 


grants to the states for water pollution 
control programs. The course of action by 
the Federal government in abating pollu- 
tion on interstate streams is outlined and 
strengthened legally while still properly 
preserving the areas of Federal, state, and 
local responsibility. 

A new feature of the law is the author- 
ization of construction grants-in-aid to 
municipalities for sewage treatment facili- 
ties totaling $50 million a year for 10 
years. The grant funds expected to be 
appropriated will be limited in amount for 
any one project and will not be available 
to all communities. 
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SOME EXPERIMENTS ON THE TOXICITY OF COM- 
PLEX CYANIDES TO FISH 


By Perer DouporRorr 


Robert A. Taft Sanitary Engineering Center, 


Fish and Game Management, O 


Introduction 


The cy anide radical and some of the 
heavy metals are important constitu- 
ents of toxie industrial effluents which 
frequently have destroyed aquatic life 
in receiving effluents in 
which they are normally present to- 
gether, such as metal-finishing or elec 
troplating plant wastes, they 
often as complex cyanides. Yet, very 
little is known about the lethality of 
the various complexes to fish. Stu- 
dents of fish toxicology usually have 
given only to the simple 
alkali metal cyanides and salts of the 
heavy metals, evaluating the individual 
toxicity of Even chemical 
knowledge concerning the complex cy 
anides formed when solutions of these 
salts are combined is still quite limited. 

The great toxicity of free cyanide 
to fish has been amply demonstrated. 
Karsten (1) and Herbert and Merkens 

2) shown that concentrations 
well below 0.1 p.p.m. as CN~ (0.05 to 
0.07 p.p.m.) can be fatal to trout held 
in continually renewed cyanide solu- 
tions, [t 
ferrocyanide and ferricyanide ions are 
comparatively harmless to fish. How- 
ever, Burdick and Lipschuetz (3) have 
reported that very dilute potassium 
ferrocyanide and ferricyanide 
tions (for example, 2 p.p.m. as salt) 
can soon become highly toxie to fish 
upon exposure to sunlight, because of 
liberation of cyanide through rapid 


waters. In 


oceur 


attention 


each. 


have 


has long been known that 


solu 


. 8S. Public Health Service, and Department of 
regon 


State College, Corvallis, Ore. 
photo-decomposition of the otherwise 
stable complexes. The toxicity of rela- 
tively concentrated solutions of the 
salts in diffuse light and in the dark 
was ascribed to the formation of ¢eya- 
nide ion at a much slower rate. Jones 
(4) noted that complex salts appear to 
be generally less toxie than simple 
salts containing the same elements. 
The literature on the toxicity to fish of 
the various metals, as salts, has been 
reviewed recently by Doudoroft 
Katz (5). 

Interest in the toxicity of various 
complex cyanides to fish has been stim- 
ulated by the publication of a paper 
by Milne (6), combination 
with nickel was proposed as a prac- 
tical method of detoxification of waste 
cyanide in dilute solutions. It 
suggested that only free 
considered in establishing limits of 
eyanide concentration in industrial 
effluents and receiving waters, in con- 
with the regulation of waste 

The chemistry of complex 
formation was outlined, and the con- 
centrations of ‘‘free cyanide ion’’ 
available from the dissociation of the 
nickelocyanide complex in solutions of 


and 


wherein 


was 
eyanide be 


nection 
disposal. 


varying concentration, with and with- 
out excess nickel, were computed. 
Milne asserted that the appearance 
of a precipitate upon the addition of a 
nickel salt to a solution initially con- 
taining free cyanide (with or without 
any of the various complex cyanides 
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which occur in metal-finishing plant 
wastes) indicates that practically no 
free cyanide remains. The remaining 
complex cyanides can be disposed of 
safely, in his opinion, without endan- 
gering fish life in any receiving water 
which is not rendered exceedingly acid 
by pollution with strongly acid wastes 
(which may decompose the complexes). 
Milne evidently believed that the dis- 
sociation not only of the nickelocya- 
nide complex, Ni(CN,)*, but also of 
the other metal-cyanide complex ions, 
is negligible in dilute solutions with 
pH within the usual pH range of 
natural waters. While realizing that 
some dissociation must occur, he thought 
it is ‘‘immediately evident’’ that ‘‘as 
long as the cyanide ion can be kept 
bound up in a complex, the amount of 
free cyanide ion in solution should be 
below the limits of toxicity as pres- 
ently conceived.’’ Nickel was selected 
as the most suitable metal for combina- 
tion with excess free cyanide in dilute 
electroplating plant wastes (rinse wa- 
ters) not for toxicological reasons, but 
for other, mostly economic reasons. 

An experiment was reported wherein 
young goldfish were exposed to a solu- 
tion of sodium cyanide to which nickel 
sulfate had added. The total 
‘yanide content of the solution was de- 
termined to be 104 p.p.m. (by distilla- 
tion), the nickel content 77 p.p.m., and 
the pH 8.1. It was reported that the 
goldfish were not noticeably affected 
With the ex- 
ception of this single observation, the 
study was purely theoretical. 

Very recently, when this paper was 
in the last preparation, 
Lipschuetz and Cooper (7) published 
some interesting data on the toxicity of 
potassium cuprocyanide to blacknose 
dace. They found that KCN solutions 
were about two to four times as toxic 


been 


after a 24-hr. exposure. 


stages of 


as some ecuprocyanide solutions with 
total cyanide content 
prepared by dissolving cuprous cya 
nide in KCN solutions. The toxicity 
of these cuprocyanide solutions (in tap 
water at pH 7.6 to 8.0) decreased as 


corresponding 
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the ratio of gram moles of total cyanide 
(CN-) to gram atoms of copper de- 
creased from 4.0 to 3.0. 

Although the author could not admit 
the validity of some of the premises on 
which theoretical conclusions published 
in the past were based, it was apparent 
that the practical suggestions of Milne 
(6) have some merit. The investiga- 
tion reported herein was undertaken in 
order to determine whether effective 
detoxification of cyanide solutions and 
solutions of certain heavy metal salts 
can or cannot be achieved through 
their combination, and what are the 
specific conditions for such reduction 
of toxicity. The practical objectives of 
the study were to define the value of 
complex formation as a waste treat- 
ment method, and to establish a fac- 
tual basis for the regulation of the dis- 
posal of wastes containing complex 
eyanides, 


Material and Methods 


Experimental Fish 
The fish 


minnows, 


used were fathead 
Pimephales Ra- 
finesque, averaging about 5 em. in total 
or over-all length (range 44 to 57 mm.) 
and slightly over 1 g. in weight. They 
had been reared in ponds of the Ohio 
State Fish Farm at Newtown, Ohio, 
supplied with hard spring water. The 
fish were stocked in the laboratory in 
large glass aquaria supplied with Cin- 
einnati, Ohio, municipal 
(treated Ohio River water) 


young 
promelas 


tap water 
, which had 
been passed through an activated car- 
bon filter to remove residual chlorine. 
These aquaria were kept in a 20° C. 
constant-temperature room, where the 
experiments were performed also. The 
water was aerated continuously with 


compressed air and renewed periodi- 


cally. 
biscuit 


The fish were fed ground dog 
and remained apparently in 
good condition for many months. 


Experimental Water 


A soft water with a low and uniform 
dissolved mineral content was desired 
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for use as a diluent in the preparation 
of most of the experimental solutions 
Inasmuch as the 
planned without 
any specific, local waste 


of chemicals tested. 
experiments 
reference to 


were 


disposal problem, the use of no par- 
ticular natural water indicated 
However, waters with high or variable 
concentrations of minerals 
counteract the toxicity of 
tested, or 
dissolved minerals known to be physio- 


was 


dissolved 
which may 
substances entirely lacking 
important, were not deemed 
appropriate. No suitable natural wa- 
ter having been available, a synthetic 
soft 
reagent-grade salts to 
tin-lined stills. 
First, a clear solution of calcium bi 
carbonate was prepared by bubbling 


logically 


water was prepared by adding 


distilled water 


from 


dispersed carbon dioxide gas through 
a suspension of calcium carbonate, con- 
taining 210 mg. CaCO, per liter, in 
distilled water. One liter of this solu- 
tion was diluted with 11 1. of distilled 
water, and 3 ml. of a mixed salt solu 
tion containing 0.4 mole NaCl, 0.3 mole 
MegSO,, and 0.025 mole K.SO, per 
liter The excess CO, was 
then removed by gentle overnight aera- 
tion of the mixture with dispersed air. 
The of each added ion 
in the experimental water so prepared 
7 p.p.m. Ca**, 1.8 p.p.m. Mg**, 2.3 
p.p.m. Na*, 0.5 p.p.m. K*, 21.3 p.p.m. 
HCO and 3.5 p.p.m. 
Cl) is approximately one-fourth its 
median) concentration in 
stream waters of the United States (8) 
The concentrations of added Ca 
Me**, and HCO ions correspond to a 
total hardness of 25 p.p.m. as CaCO 
and a total alkalinity, or 
hardness, of 17.5 p.p.m. as CaCQ,. 
which it 


were added 


concentration 


7.8 p.p.m. SO,, 


average 


carbonate 
For experiments in was 
necessary to vary the mineral content 
and pH of the water and test solutions, 
other waters with the desired 
acteristics (total alkalinity and hard 
ness from 5 to 192 p.p.m. and from 7 to 
CaCO.,, 


char 


275 p.p.m. as respectively 


The volumes 


were prepared likewise. 
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of the two stock salt solutions used in 
making up 12 1. of water were reduced 
or increased proportionately, as neces- 
sary. otherwise designated 
when test results are reported, the ex- 
perimental water used soft 
water first described. 

Fish kept in the experimental waters 
(controls) remained apparently in 
good health indefinitely. Comparative 
the toxicity of the various 
chemicals studied have been performed 
using waters prepared with ordinary 
distilled from tin-lined 
stills and with a triple-distilled water 
of high purity (redistilled in glass first 
from H,SO,—K,Cr,0,—Ag,SO, solu- 
tion, and then from NaOH solution). 
These tests showed that the slight con- 
tamination of the ordinary distilled 
waters with impurities known to have 
present did not invalidate the 
conelusions reported herein. 


Unless 


was the 


tests of 


waters two 


been 


Experimental Procedures and Condi- 
tions 


The experimental waters just de- 
scribed were used for diluting mixed 
solutions the toxicity of which was to 
be evaluated. These solutions 
prepared usually by adding distilled 
water solutions of sulfates of different 
heavy metals, containing 1,000 p.p.m. 
of metal, of so- 
dium eyanide, also in distilled water, 
with a cyanide content of about 930 to 
950 p.p.m. as CN-, determined by titra- 
tion with silver nitrate, using rhoda- 
indicator (9). 


were 


to agitated solutions 


nine 
ments the 


In some experi- 
simple solutions so com- 
bined were more concentrated or less 
coneentrated, and in a tests the 
NaCN and metal sulfate solutions were 
added to the experimental water with- 
out previous mixing. With some ex- 
noted, the undiluted 
mixed solutions were unquestionably 
turbid, but did not contain 
precipitated metal 
hydroxides, or other insoluble 
When the amount of 


introduced was just suffi- 


few 


ceptions to be 


large 
amounts of cya- 
nides, 
compounds. 


metal salt 
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cient to produce the slight turbidity, 
nearly all the cyanide and metal pres- 
ent obviously remained in _ solution, 
soluble complex cyanide. 
Solutions of purified complex cyanides 
were used only in a few tests. 

The test animals were always held 
for two days without food in the ex- 
perimental water (diluent) before be- 
ing exposed to the test solutions. Inas- 
much as they were already thoroughly 
acclimatized to laboratory conditions 
and the experimental temperature 
20° C.), and in view of the purpose 


mostly as 


of the toxicity tests, more prolonged 
acclimatization of the fish to the ex- 
perimental water was not deemed 
necessary. 

With regard to other features, the 
toxicity bioassay procedure was essen- 
tially the standardized routine pro- 
cedure for the evaluation of acute toxi- 
city of industrial wastes to fish de- 
scribed by Doudoroff et al. (10) The 
experimental vessels were cylindrical 
Pyrex glass jars 12 in. in diameter and 
12 in. high. Five test animals were 
placed in each jar, containing 12 1. of 
experimental solution, the depth of 
which was about 7 in. Each important 
test was performed at least twice, using 
a total of at least 10 test animals. The 
fish were not fed during the tests. 

The number of test animals surviv- 
ing at each one of a series of experi- 
| concentrations of the toxicant 
tested was recorded 24 hr., 48 hr.. and 
96 hr. after the beginning of each test, 
and after other exposure 
periods up to 10 days. The median 
(TL,,), or the econeen- 
tration which is fatal to just 50 per 
cent of the test animals, for each of the 
specified exposure 


menta 


sometimes 


tolerance limit 


periods, was esti- 
mated by straight-line graphical inter- 


polation (10). 


The experimental solutions usually 
were not aerated artificially. 
determinations of the 


Numer- 
dissolved 
content, which was initially 
near the saturation value, showed that 
it declined gradually during the first 


ous 


oxygen 
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48 hr. or so. It remained thereafter 
usually in the neighborhood of 5 or 6 
p.p.m. as long as most of the test 
animals remained alive, and it was al- 
ways well above 4 p.p.m. With certain 
exceptions to be noted, the experi- 
mental solutions were nearly neutral in 
reaction, most of them being so dilute 
that the chemicals added to the some- 
what buffered experimental water had 
no appreciable influence on the pH. 
The pH values declined slightly during 
the first two days or so, because of ac- 
cumulation of respiratory free CO, 
produced by the fish, but remained 
within the range from 7.5 to 6.5 
throughout the tests. The temperature 
ranged from 19.5° to 20.5° C. 

In a series of special experiments on 
the influence of pH upon the toxicity 
of the nickelocyanide complex, the pro- 
cedure was modified to ensure desired 
uniformity of pH and dissolved oxy- 
gen throughout each test. The test 
animals, not fed for two days, were 
placed in test jars containing 12 1. of 
experimental water (diluent) of ap- 
propriate, varying total alkalinity and 
hardness, Two days later, when the 
pH of the water was nearly constant, 
the concentrated solution of toxicant 
was added to each jar, after removing 
an equal volume of water. Any re- 
sulting increase of pH was promptly 
compensated for by adding a little CO, 
solution, prepared with a small portion 
of the diluent withdrawn previously 
for this purpose. To avoid exposure 
of the test animals to the high pH of 
the more concentrated dilutions before 
their neutralization with CO,, the fish 
were temporarily removed from the 
test before the introduction of 
toxicant, and returned as soon as the 
pH had been adjusted. The pH was 
recorded at daily intervals during the 
tests, and sometimes oftener. Reduc- 
tion of the rate of production of CO, 
by the fasting fish often resulted in a 
gradual rise of the pH of test solu- 
tions, especially after the death of a 
few fish. In a few instances in which 


jars 
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this rise was deemed sufficiently im 
portant, the pH was readjusted from 
time to time by the addition of a little 
Co.. 

The recorded pH values were de 
termined electrometrically, 


class electrode. 


using a 
They were consistently 
slightly higher (by about 0.1 to 0.2 pH 
unit) than corresponding values de 
colorimetrically. Although 
not be absolutely correct, 
they are believed to represent the hy- 
ion concentrations of the vari 
ous solutions accurately enough for 
present, chiefly comparative, purposes 


termined 
they may 


drogen 


In addition to determination of com 
parable median tolerance limits under 
experimental 
seribed, 


conditions already de 
various experiments designed 
light on specific 
arose in the course of the in 
vestigation were performed. The sp 
cial techniques employed in conducting 
these supplementary 
scribed briefly along with the 
in the following section. 


to throw 
which 


problems 


tests are de 


results 


Experimental Results 
Nodivum Cyanide 


The results of an evaluation of the 
toxicity of NaCN alone under the ex 
perimental conditions deseribed, which 
was performed as the first step for com 
parative purposes, are shown in Table 
[. These results have been compared 
with other similar data reported in 
available literature (to be reviewed 
fully in another publication). It was 
econeluded that the fish used in this 
neither unusually resistant 
nor outstandingly susceptible to cya- 
nide. 

[It is noteworthy that fish which did 
not die within 24 hr. usually survived 
for 96 hr. 


study are 


Complete recovery of some 
fish which had been markedly affected, 
even losing equilibrium, at low cyanide 
concentrations (for example, 0.24 p.p.m 
as CN noted. Gradual reduc 
tion of the toxicity of the test solutions 
in the of the which is 
suggested by these observations, was 


was 


course tests, 
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TABLE I.—Toxicity of Sodium Cyanide in 
Soft Water to Pimephales promelas at 20° C. 


| | Fish Surviving (%) 
Number | Number 


Cyanide, 
N of Tests | of Fish 


as ( 


p.p.m.,)! 


| 
| 48 Hr. 


96 Hr 


10 0 0 
10 | | O 0 
15 | 53 40 
10 90 
10 | | 100 | 100 
10 100 
ae 100 


0.4% 
0.32 
0.24 
0.18 
0.135 
0.10 
Control 


i) 


nw oe bo 





DO bo 


Est. median tolerance 
limits, TL, ?, in p.p.m. 
cyanide, as CN 


1Cyanide ion equivalent of total added 
cyanide (initial concentration). 

2? Each median tolerance limit shown is the 
estimated TL, for the exposure period (in 
hours) heading the column 


demonstrated experimentally. Five 
fish were placed in each of two jars 
containing 12 1. of fresh NaCN solu- 
tion with initial concentration of 0.32 
p.p.m. as CN-. All 10 were dead 
within 14 hr. When the solutions were 
24 hr. old, five fish again were placed 
in each jar, the dead fish having been 
removed. Of the 10 new fish, 8 lived 
for 15 hr. and 4 (2 in each jar) were 
still alive and active 48 hr. and 72 hr. 
after their 
having 


introduction. These fish 
five new test 
animals then were placed in each jar 
with the 96-hr. old solutions. All were 
alive and apparently healthy after 48 
hr. The loss of cyanide from the test 
solutions, in which it oceurs mostly as 
volatile HCN, evidently is sufficiently 
rapid to influence markedly the results 
of toxicity tests performed without re- 
newal of test solutions, such as those 
reported in Table I. 

The initial results shown in Table I 
were checked later, using soft experi- 
mental waters prepared with ordinary 
distilled and _ triple-distilled waters. 
Again, all the fish were killed within 
24 hr. by 0.32 p.p.m. of cyanide (as 
CN-), and 90 per cent of the fish tol- 
erated 0.18 p.p.m. (initial concentra- 


been removed, 





Vol. 28, No. 8 


tion) for 96 hr. In harder water (to- 
tal alkalinity 70 p.p.m. as CaCO,) 0.4 
p.p.m. proved fatal to all fish within 
16 hr. at pH 8.2 to 8.0. Lower con- 
centrations were not tested. 


Zine Cyanide Complex (NaCN with 
ZnSO, ) 


The toxicity of a fresh mixed solu- 
tion of NaCN and ZnSO, containing 
about 564 p.p.m. of cyanide (as CN~) 
and 394 p.p.m. of zine was evaluated 
in the usual manner. The ratio of zinc 
to cyanide by weight was 0.7. The 
corresponding ratio for the Zn(CN,)* 
ion is 0.63. The undiluted mixed so- 
lution was alkaline and gradually be- 
decidedly turbid, but a pro- 
nounced odor of HCN persisted. The 
results of the toxicity tests are pre- 
sented in Table IT. 

The estimated median tolerance 
limits expressed p.p.m. of total 
cyanide are all considerably lower than 
the corresponding values obtained with 
NaCN alone. Cyanide solutions evi- 
dently are not effectively detoxified by 
the addition of zine salts in quantity 
insufficient for precipitation of much 
of the cyanide as insoluble zine cya- 
On the contrary, the toxicity 
apparently was aggravated in the 
presence of zine. The toxicity of zine 
sulfate alone is not sufficient to account 


came 


as 


nide. 
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for the great toxicity of the mixture 
tested. As much as 1 p.p.m. as Zn 
could be tolerated by all the test ani- 
mals for more than four days in the 
experimental water used, and even 
much higher concentrations, far above 
the limit of tolerance, were not very 
rapidly effective. The behavior of the 
fish in the toxic test solutions contain- 
ing cyanide with zine, and the speedy 
lethal action of the combined toxicants 
at concentrations only slightly above 
the limit of tolerance, were suggestive 
of cyanide poisoning. 

Great toxicity of the NaCN-ZnSO, 
mixture diluted with fairly hard and 
alkaline water (total alkalinity 70 
p.p.m. as CaCO,; pH 8.2 to 8.0), as 
well as with ordinary experimental 
water, was demonstrated by additional 
tests performed later. It was evident 
that the toxicity of the zine cyanide 
complex was not greatly reduced in 
the more alkaline water. 

A few tests were performed using a 
purified potassium zine cyanide pre- 
pared by F. J. Ludzack in the manner 
described in a recent paper (9) and 
dissolved in ordinary experimental 
water. These tests yielded further evi- 
dence of the high toxicity of the zine 
eyanide complex. In two parallel 
tests, 1.0 p.p.m. of the complex salt, 
which corresponds to about 0.4 p.p.m. 


TABLE II.—Toxicity of a Mixed Solution of Sodium Cyanide (564 p.p.m. as CN~) and 
Zinc Sulfate (394 p.p.m. as Zn), Diluted with Soft Water, to Pimephales 


Cyanide, 
as CN- 


Number 
p.p.m.)! 
| 


of Tests 


Zine 
(p.p.m.) 


Concentration | 

| 

by Volume | 
‘ 


0.22 
0.17 
0.125 
0.095 


0.057 
0.043 
0.032 
0.024 
Control 


0.32 
0.24 
0.18 
0.135 


NNW WN 


Est. median tolerance limits, TL, 2: Per cent by volume 
P.p.m. cyanide, as CN 


promelas at 20° C. 


Fish Surviving (%) 
Number 
of Fish 


| 48 Hr. 


Ce | 0 | 0 
10 10 | 10 


10 80 
10 100 
10 100 


60 


| 
| 


0.036 
0.20 


0.034 
0.19 





1See Table I, Note 1. 
2 See Table I, Note 2. 
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III.—Toxicity of a Mixed Solution of Sodium Cyanide (439 p.p.m. as CN~) and 
Cadmium Sulfate (528 p.p.m. as Cd), Diluted with Soft Water, 
to Pimephales promelas at 20° C. 


Concentration Cyanide, | 
by Volume as CN 


p.p.m 


Cadmium 
p.p.m 


of Tests 
0.091 
0.064 
0 046 
0.032 
0.023 

Control 


0.40 
0.28 
0.20 
0.14 
0.10 


0.48 
0.34 
0.24 
0.17 
0.12 


9 


dian tolerance limits, TL, ?: 
P.p.m. ¢} 


See Table I, Note 1 


2 See Table a Note 2 


of total 
fish 


(as CN 
18 hr. 


. killed all the 


evanide 


within 


Cadmium Cyanide Complex (NaCN 


uith CdSO,) 


The toxicity of a fresh mixture of 
NaCN and CdS0O, solutions, containing 
439 p.p.m. of eyanide (as CN-) and 
528 p.p.m. of cadmium, was evaluated 
in the manner. The 
to-cyanide weight ratio was 1.2. Al 


usual cadmium- 


though the corresponding ratio for the 
Cd(CN 
solution 


ion is only 1.08, the mixed 
clear. In view of 
the high solubility of cadmium cya- 
nide, no precipitation of Cd(CN 
to be expected The 
toxicity tests are presented in Tabl 


ITT. 


These results correspond closely with 


remained 


Was 


results of the 


those obtained when cyanide was com 
bined zine. Dilutions of the 
NaCN-CdSO, mixed solution proved as 
NaCN 
with considerably higher cyanide con 
tent. 


with 


toxic as comparable solutions 
Their high toxicity is not at 
tributable simply to that of cadmium, 
somewhat more toxic than 
results of tests with CdSO 
somewhat variable, but 
fish withstood 0.34 p.p.m 
as Cd for 96 hr. At least four of five 
test survived at this 
tration for 24 hr. in each of three tests 


which is 

zine. The 
alone were 
most of the 


animals coneen 


Per cent by volume 
inide, as CN 


Fish Surviving (%) 


Number 


of Fist : : ae ar ar 


24 Hr 48 Hr 


96 Hr. 


10 0 | 0 0 
10 0 0 0 
10 so. 60 40 
10 100 80 60 
10 100 100 100 
10 100 100 100 





0.038 
0.17 


0.052 
0.23 


0.048 
0.21 





Nickel Cyanide Complex (NaCN with 


NiSO, 


Data on the toxicity of a fresh mixed 
solution of NaCN and NiSQ,, in which 
about 600 p.p.m. of cyanide (as CN 
had been combined with 355 p.p.m. of 
nickel, are presented in Table IV. The 
weight ratio of nickel to cyanide was 
0.59. The corresponding ratio for the 
Ni(CN), ion is 0.56. The undiluted 
solution was very alkaline, yellow, and 
somewhat turbid, containing a small 
amount of flocculent precipitate, and 
had no detectable odor of HCN. The 
tests were performed in the usual man- 
ner. Complete records of the changing 
pH of the test solutions were not made, 
but it was noted that the three highest 
concentrations tested associated 
with pH initially well above 9.0. 

The test with concentra- 
tions equivalent to 200 and 350 p.p.m. 
of evanide (as CN~-) and initial pH 
above 9.0 proved much less rapidly 


were 


solutions 


fatal than much more dilute, nearly 
neutral concentrations 
equivalent to only 4 to 16 p.p.m. of 


evanide. 


solutions with 
In tests of intermediate con- 
centrations (23 to 67 p.p.m. as CN-), 
which are not shown in Table IV, most 
of the fish survived for 24 hr., but all 
died 96 hr. Thus, two 48-hr. 


median tolerance limits, a lower ‘‘pri- 


within 
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TABLE IV.—Toxicity of a Mixed Solution of Sodium Cyanide (600 p.p.m. as CN~) and 
Nickelous Sulfate (355 p.p.m. as Ni), Diluted with Soft Water, 
to Pimephales promelas at 20° C. 





j 
, | } Fish Surviving (%) 
Cyanide, 
as CN = 
| 


p.p.m.)! 


Concentration 
by Volume 


Nickel 


(p.p.m.) 


Number 
of Fish 


Number 
of Tests 





48 Hr. 96 Hr. 


10 
10 
10 


100.0 
58.3 


2929 
00.90 


0 
10 
90 


355 
207 


118 


600 
350 
200 





16.0 | 
8.0 
1.0 
2.8 
2.0 
1.0 
0.50 


9.5 
4.7 
2.4 
1.7 
1.2 
0.59 
0.30 
0.15 


10 
10 
10 
10 
10 
15 
10 
10 
20 


0 
0 
10 


~ 





we bt 


0.67 
0.47 
0.33 
0.167 
0.083 
0.042 
Control 





~] 


mm dot HW db 


| 








Estimated secondary TL,, ?: Per cent by volume 
P.p.m. cyanide, as CN 





Estimated primary TL, ?: Per cent by volume 0.11 


P.p.m. cyanide, as CN 


0.65 


1 See Table I, Note 1. 
2See Table I, Note 2. 
tolerance limits (TL,) see text. 





mary’’ one and a higher ‘‘secondary’’ 
one, were estimated, but no 24-hr. TL,, 
comparable to the primary 48-hr. TL,,, 
and no 96-hr. TL, comparable to the 

48-hr. TL, could be 
The median tolerance limits 
Table IV have been classified 
accordingly. Cyanide combined with 
nickel evidently was less toxic than free 


eyanide, 


secondary re- 
ported. 


shown in 


especially at high concentra- 
tions, but all test concentrations of the 
mixture 0.25 p.p.m. CN 
proved demonstrably toxic. 

A relatively concentrated NaCN- 
NiSO, mixed solution, wherein about 
5,150 p.p.m. of cyanide (as CN-) had 
with 2,940 p.p.m. of 
nickel, was tested later. The nickel-to- 
eyanide weight ratio being 0.57, this 
solution contained very little precipi- 
tate. The results are shown in Table 
V. They agree essentially with the 
earlier results, but the test concentra- 
tion equivalent to 23 p.p.m. of cyanide 
proved fatal to most of the fish in 24 


above as 


been combined 


For explanation of the meaning of primary and secondary 


median 


hr. The existence of both a primary 
24-hr. TL,, (between 200 and 600 
p.p.m. as CN~), and a secondary 24-hr. 
TL,, (between 8 and 23 p.p.m. as CN-), 
as well as a primary and a secondary 
48-hr. TL, indicated. Because of 
wide intervals between the econcentra- 
tions tested, the TL,, values could not 
be accurately estimated. 

Nickel sulfate alone in concentration 
equivalent to 100 p.p.m. of nickel 
killed all the fish within 24 hr. in two 
tests. However, 13.6 p.p.m. as Ni 
killed no fish in 48 hr., one of 10 fish 
in 96 hr., and only 5 of 10 fish in 6 
days; and 1.67 p.p.m. as Ni had no 
effect in six days. 

In experiments with some available 
purified potassium nickelocyanide, pre- 
pared by F. J. Ludzack in the manner 
described in a recent publication (9), 
5 p.p.m. of the complex salt, or ap 
proximately 2 p.p.m. as CN-, killed 9 
of 10 fish within 96 hr., but none in 
48 hr. This result agrees well with the 


is 
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TABLE V.—Toxicity of a Mixed Solution of Sodium Cyanide (5,150 p.p.m. as CN~) 
and Nickelous Sulfate (2,940 p.p.m. as Ni), Diluted with Soft Water, 


Concentration Cyanide, | 
by Volume as CN 
% p.p.m.)! 


Nickel 
(p.p.m.) | 
| 


Number 


of Tests 


11.65 600 343 
3.88 200 | 114 
1.30 67 38 
0.45 23 | 13 
0.155 8.0 | 1.6 
0.039 2.0 
0.0097 0.50 

Control 


=) 
1.15 | 
0.29 


wonwnwns NE 


bo 


two 


See Table I, Note 1 


results of tests of diluted NaCN-NiSO, 
mixed with corresponding 
total cyanide content shown in Tables 
[V and V. 

When NaCN and NiSO, were com- 
bined in the experimental water in 
amounts equivalent to 0.5 p.p.m. of 
eyanide (as CN-) and 0.3 p.p.m. of 
nickel, respectively, and fish were in- 
troduced 1 hr. later (two tests), all of 
10 fish lived for 48 hr., 9 lived for 
96 hr., and 7 survived for 168 hr. The 
formation of nickelocyanide complex, 
resulting in reduced toxicity of the cy- 
anide, evidently occurs promptly in 
such very dilute mixed solutions, as 
well as in more concentrated mixtures. 

Exposure of a diluted NaCN-NiSO, 
mixed solution (like those used in the 
initial to bright, out- 
door sunlight during the first 6 hr. of 
the first and second days of a toxicity 
test (early in May) did not result in 
any increase of toxicity. The tempera 
ture held near 20° C. by im- 
mersing the directly illuminated test 
jars in cool running tap water. The 
survival time of 10 experimental fish 
in these jars averaged somewhat longer 
than that of 10 controls exposed to the 
same concentration of the toxic 
ture (6 p.p.m. as CN-) in 
light in the constant-temperature room. 

Although nickel and cyanide 
form a complex readily in very dilute 
mixed salt solutions, and photo-decom- 


solutions 


series of tests) 


was 


mix- 
subdued 


ions 


to Pimephales promelas at 20° C. 





Fish Surviving (%) 


Number 
of Fish 





24 Hr 48 Hr. | 96 Hr 
| 


0 0 | 
100 80 | 





| 


position of the complex could not be 
demonstrated, there was evidence of 
gradual decomposition of the complex 
in the course of toxicity tests. The 
toxicity of the test solutions seemed to 
increase with time, and they acquired 
a perceptible odor of HCN, which was 
lacking initially and suggested libera- 
tion of cyanide. 

Various experiments were performed 
in order to verify the supposition that 
the toxicity of the test solutions in- 
ereased during the tests, and to es- 
tablish the cause of this increase. Di- 
luted NaCN-NiSO, mixed solutions 
with concentration equivalent to 8 
p.p.m. of cyanide (as CN-) and a 
nickel-to-cyanide ratio of 0.57 were 
used in all of these experiments. In 
these solutions the test animals often 
began to show distress (though none 
died) within 20 hr., and they imvari- 
ably succumbed within 40 hr. if the 
solutions were not renewed or treated 
in any way. However, affected fish re- 
covered promptly and all fish lived for 
more than 40 hr. when they were trans- 
ferred to a fresh solution after the first 
20 hr. The fresh solution could be one 
which had just been prepared, or one 
prepared at the same time as the initial 
test solution and stored until needed in 
a jar without fish. When the test so- 
lution was renewed twice, about 21 and 
42 hr. after the beginning of the test, 
all the fish were normal after 48 hr. 
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and most of them lived for 72 hr. A 
two-day old solution in which five fish 
already had died killed all of five 
additional test animals in less than 20 
hr. On the other hand, a solution 
which had been stored for two days in 
a full, stoppered carboy without fish 
killed no fish in 20 hr. The toxicity of 
the solutions evidently increased mark- 
edly with time in the presence of test 
animals only. Solutions stored with- 
out fish remained odorless. 

The addition of a small amount of 
nickel sulfate (0.2 p.p.m. as Ni) to the 
test solution 20 hr. after the introduc- 
tion of fish did not prolong the sur- 
vival of the fish. The addition of oxy- 
gen (by dilution of the test solution 
with a small amount of water satur- 
ated with pure oxygen) to restore the 
initial dissolved oxygen concentration 
after 20 hr. also had no significant ef- 
feet. On the other hand, when the pH 
of the test solutions was raised by 
about one-half of one pH unit to the 
initial value by the addition of NaOH, 


affected fish recovered promptly and 


all lived for more than 40 hr. By re- 
adjusting the pH repeatedly with 
NaOH, all the fish were kept alive for 
60 hr. The addition of enough CO, 
to render the test solution faintly acid 
at the beginning of a test markedly in- 
creased the toxicity of the solution. 
The addition of a little NH,Cl (1.0 
p.p.m. as NH,) had no appreciable ef- 
fect. When the test solutions were 
prepared with hard waters of such 
high total alkalinity that the pH of the 
solutions did not fall much below 7.5 
at any time during the tests, all the 
fish lived for 10 days. 

apparent that the observed 
gradual increase of the toxicity of the 
test solutions in the presence of fish 
is not attributable to reduction of the 


It is 


dissolved oxygen concentration, nor to 
withdrawal of nickel from the solution 
by the fish (with liberation of 
nide), nor to accumulation of 
bolie ammonia. 


eva- 
meta- 
The inerease of toxi- 
city was evidently due, instead, to the 
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accumulation of respiratory CO, and 
the resulting slight reduction of pH, 
by as little as 0.5 pH unit. In the light 
of theoretical analysis of the ionic 
equilibria involved, which are to be 
discussed later, the reason for the very 
striking influence of such small changes 
of pH became apparent. The pro- 
longed survival of test animals in 
relatively concentrated test solutions 
(Tables IV and V) was clearly as- 
eribable to the high initial pH. 

The relation between pH and the 
toxicity of the nickel cyanide com- 
plex was investigated more thoroughly 
later. Experimental waters of varying 
total alkalinity and hardness were 
used, and nearly constant pH values 
were achieved and maintained by pro- 
cedures already described. The con- 
centration of the NaCN-NiSO, mixed 
solutions used in the preparation of 
more dilute test solutions was equiva- 
lent to about 5,150 p.p.m. of eyanide 
(as CN-), and the weight ratio of 
nickel to cyanide was about 0.57. The 
pH of each test solution was deter- 
mined at the beginning of the test, and 
thereafter at daily intervals or oftener. 
The daily average pH thus could be 
estimated. The mean of successive 
daily averages was taken to be the 
average pH for each exposure period 
of more than one day. 

The toxicity of the mixture tested at 
each of five pH values ranging from 
about 6.5 to 8.0 was evaluated. Two 
or three tests of each appropriate con- 
centration of toxicant were performed 
first with diluent water of lowest total 
alkalinity and pH, and then with wa- 
ters of progressively increasing alka- 
linity and pH. Subsequent additional 
tests with waters of decreasing alka- 
linity and pH revealed no change of 
the of the fish to alkaline 
solutions, but a slight, unexplained 
decrease of their resistance to neutral 
There- 
fore, all of the earlier tests of neutral 
The 
survival percentages reported in Table 


resistance 


and acid solutions was noted. 


and acid solutions were repeated. 
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TABLE VI.—Toxicity of a Mixed Solution of NaCN (5,150 p.p.m. as CN-) and 
NiSO, (2,940 p.p.m. as Ni), Diluted with Waters of Varying Total Alkalinity, 
to Pimephales promelas at 20° C. and Adjusted pH’ 


Total 
Alkalinity 


of Diluent Cyanide, 


Number 
San Se of Tests 


96 Hr 


0 


‘ 


33 


Se VO O&O GS 


SO 
10 
20 
LO 


“J ~-J] s] =~] 
' 


800 
100 
200 
100 


27 0 
80 20 
100 53 
100 90 


nN dS ty te 
tN hw 
i i i 
“100 O @ 


192 2,000 8.0 0 0 0 
192 1,000 : § 8.0 80 67 20 
192 500 : 15 8.0 93 93 87 


The pH was stabilized, or adjusted with CO, to nearly constant values depending on the total 
ilkalinity of the water 

* Approximate total alkalinity based on the amount of CaCO; added to distilled water. 

total hardness of the water, expressed as the CaCO, equivalent in parts per million, is equal to 


The 


1.43 times the total alkalinity. Control tests, not recorded in the table, have shown that the test 
animals could live indefinitely (more than 10 days) in any of the diluent waters used. 

’ Cyanide ion equivalent of total added cyanide (initial concentration). The concentration of 
each test dilution expressed as per cent by volume is equal to 0.0194 times the concentration of 
cyanide (as CN~) in parts per million, and the nickel content in parts per million is 0.57 times the 
cyanide content shown. 

‘ Average pH of test solutions, based on daily or more frequent observations continued until 
all the fish were dead or the experiment was discontinued. The mean value for the first 24 hr., 
rounded off to one decimal place, usually did not differ from the corresponding values for longer 
exposure periods up to and including 96 hr. In the few exceptional cases in which the ultimate 
(48-hr. or 96-hr.) mean is greater by 0.1 pH unit than the initial 24-hr. mean, both of these values 


are show n 


for example, from 7.8 to about 7.5), 
can result in more than ten-fold in- 


VI are means of all the values obtained 
in the initial and subsequent tests. 


The experimental results presented 
in Table VI, and also in Table VII 
and Figure 1, show that the fish could 
withstand than 1,000 
much cyanide combined with nickel at 
pH 8.0 than at pH 6.5. They 
also that mere doubling of the hydro- 
gen ion concentration, or reduction of 
pH by little more than 0.3 pH unit 


more times as 


show 


erease of the toxicity of the NaCN- 
NiSO, mixture. 

An incidental observation of uncer- 
tain significance is deemed interesting 
enough to be recorded The 
bodies of fish exposed to slowly lethal, 
fairly concentrated, but somewhat 
alkaline test solutions, frequently be- 
came strikingly swollen some time be- 


here. 
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fore the fish died. Other fish in the 
same solutions were apparently unaf- 
fected or died without any such swell- 
ing of the body, as did also fish ex- 
posed to more rapidly fatal solutions 
and solutions of lower pH. The body 
museles of the swollen fish bulged be- 
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hind the head, and the entire body 
often was so distended (seemingly to 
almost twice the normal bulk) that the 
scales projected from the body sur- 
face. The swelling may have been 
due to osmoregulatory or excretory 
failure. Red blotches, apparently due 





3000 f 
| 


. a woe TTT] 


Be 


uJ 
4 
a 
oO 
” 
7) 
o 
-/ 


5 


=z 
© 
w 
<q 
WwW 
oO 
z 
<a 
> 
oO 
= 
< 
~- 
oO 
i 
= 
a 
a 
2 
” 
= 
= 
= 
uJ 
oO 
z 
a 
a 
vs) 
4d 
oO 
— 
z 
a 
f=) 
uJ 
= 











8.0 


AVERAGE pH 


FIGURE 1.—Toxicity of NaCN combined with NiSO,, in relation to pH; data from 
Table VII. 
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TABLE VII.—Estimated Median Tolerance 
Limits (TL,.) of NaCN Combined with 
NiSO,, Based on Data Presented in 

Table VI 


Lm, cyanide as CN 


56 
590 


1,300 1,200 


to internal hemorrhages, commonly ap 
peared on the abdomens of the swollen 
fish 

( opper Cyanide Complex (NaCN with 
CuSO, 


The toxicity of a fresh mixture of 
NaCN and CuSQ, solutions, in which 
about 533 p.p.m. of cyanide (as CN 
had been combined with 427 p.p.m. of 
evaluated in the usual 
This mixture, with a copper- 
to-cyanide weight ratio of 0.8, had vir- 
tually no turbidity. The addition of 
mnly a little more CuSO, was found to 


copper, was 


manner 


result, however, in pronounced, gradu- 


ally increasing turbidity.* In view of 
the great toxicity of free copper in soft 
water, the introduction of the 
tional copper was avoided in the initial 
experiment. The results of the tox- 
icity evaluation are presented in Table 
Vill 

Copper sulfate alone, in the ordinary 


addi- 


soft experimental water, and also in 
prepared with tripl 
distilled water, invariably killed th 
fish within 24 hr. when the concentra 
tion was equivalent to 0.1 
copper. 
bined with 1.0 p.p.m. of eyanide (as 
CN-) killed no fish in 96 hr. (Table 


similar water 


p-p.m. of 
Yet, 0.8 p.p.m. of copper com 


* Later observations indicated that NaCN 
CuSO, mixed solutions undergo considerable 
ehemical change on prolonged standing, in 
cluding solution of small amounts of precipi 
tate initially produced. 
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VIII). The same result was obtained 
when the test solution was exposed to 
direct sunlight during the first 6 hr. 
of the test (late in May), keeping the 
temperature between 20° and 22° C. 
by immersing the test jar in cool run- 
ning tap water. Continuous aeration 
of a similar solution with compressed 
air for four days before the introduc- 
tion of test animals and thereafter did 
not render it demonstrably toxic. All 
the fish in the aerated solu- 
tion for 10 days, until the end of the 
test. 

The undiluted NaCN-CuSO, mixed 
solution had the odor of HCN, and the 
behavior of fish in lethal dilutions of 
this mixture suggested poisoning with 
free cyanide. By adding a little more 
CuSO, to the undiluted mixture, thus 
increasing the ratio of copper to eya- 
nide to 0.82 or 0.85, or by adding a 
little nickel sulfate (0.05 mg. of nickel 
for each mg. of cyanide as CN-), pre- 
cipitates were produced. The odor of 
HCN The solutions were 
tested with and without removal of the 
precipitates by filtration. At concen- 
trations equivalent to 4.0 p.p.m. of 
CN-, all the fish again died within 24 


survived 


persisted. 


hr. in every test, seemingly of cyanide 


poisoning. 
When 1.0 p.p.m. of cyanide (as CN-) 
and 0.8 p.p.m. of copper com- 
bined in the experimental water about 
1 hr. before the introduction of fish 
(instead of diluting a mixture of rela- 
tively concentrated NaCN and CuSO, 
solutions ) 
strated. 


were 


some toxicity was demon- 
Of the 20 fish used in four 
such tests, 85 per cent lived for 24 hr., 
65 per cent lived for 48 hr., and only 
15 per cent survived for 96 hr. How- 
ever, 0.32 p.p.m. of eyanide and 0.25 
p.p.m. of when combined in 
manner, killed no fish within 
seven days in two tests. 

There 


copper, 
the same 


that or- 
dinarily harmless concentrations of 
NaCN-CuSO, mixtures can be de- 
cidedly toxic in extremely soft waters, 
especially when the dilute solutions are 


was some evidence 
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TABLE VIII.—Toxicity of a Mixed Solution of Sodium Cyanide (533 p.p.m. as CN~) 
and Cupric Sulfate (427 p.p.m. as Cu), Diluted with Soft Water, 
to Pimephales promelas at 20° C. 











Cyanide, 
as CN 


| 

| Number 
| 

(p.p.m.)! 

| 


Concentration 
t of Tests 


yy Volume 


Copper 
(p.p.m.) 


6.4 
3.2 
1.6 


8.0 
4.0 
2.0 


1.50 
0.75 
0.375 
0.187 1.0 0.8 
0.047 0.25 0.2 


Control | — 











Fish Surviving (%) 
Number 
of Fish 





48 Hr. 


aan: 
| 
| 


10 
10 
10 

5 


10 





Est. median tolerance limits, 


TL,”: Per cent by volume 
P.p.m. cyanide, as CN 
P.p.m. copper 











See Table I, Note 1. 
2 See Table I, Note 2. 


continuously aerated. Therefore, nu- 
merous additional tests were  per- 
both with and without arti- 
ficial aeration of test solutions, using 
diluent waters of varying mineral con- 
tent. In each of these tests a rela- 
tively concentrated NaCN-CuSO, mixed 
solution with a weight ratio of copper 
to cyanide near 0.8, prepared in the 
usual manner, was diluted to a con- 
centration equivalent to 0.5 p.p.m. of 
copper. 
Ordinary soft 
was the diluent 
tests. 


formed, 


experimental water 
used in some of the 
The dilutions were aerated for 
four days before the introduction of 
fish, the pH remaining near 7.5. The 
tests were performed both with and 
without subsequent continued aera- 
tion of the media. All the fish lived 
for 10 days in these media, which re- 
mained slightly alkaline (when aerated 
continually) or became nearly neutral 
in reaction (when aeration was dis- 
In other comparable tests 
performed simultaneously in like man- 
ner, the diluent used was very soft 
water, with total alkalinity and hard- 

near 5 p.p.m. and 7 p.p.m. as 
CaCO,, respectively. The pH of the 
dilutions was about 7.0 to 7.1 during 
the preliminary aeration for four days, 
and these media remained nearly neu- 


continued ). 


ness 





tral or became slightly acid after the 
introduction of the fish. The test ani- 
mals died invariably within 24 hr., and 
mostly within 16 hr. 

When the dilutions prepared with 
the very soft water were not aerated 
before the toxicity tests, nor during 
the tests, fish lived in them for at least 
48 hr., and nearly all survived for 96 
hr. (at pH 6.7 or less). Considerable 
mortality occurred thereafter, but 
these recently prepared and unaerated 
media obviously were not nearly as 
toxic as similar media which had been 
aerated for four days.* 

Other comparable dilutions were 
prepared with water having total alka- 
linity and hardness near 10 p.p.m. and 
14 p.p.m. as CaCO,, respectively. 
Those which were aerated for four 
days before the toxicity tests (pH 
about 7.3) and also during the tests 
proved only slightly toxie. Those 
which were not aerated were not dem- 
onstrably toxie. 


* A similar dilute solution 
stored in stoppered bottles 
and then tested without any aeration proved 
somewhat more toxic than the fresh, un- 
treated dilutions, but not nearly as toxic 
as the aerated ones. All the fish lived for 
24 hr., but died within three days. Only 
one such test was performed. 


which had been 
for four days 
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When thi 


triple-distilled 


diluent used 


was 
water, all fish 
killed within 24 hr., even without any 


pure 
were 
aeration of the 


I 


medium pH about 
6.0 Controls were not affected in the 
distilled water with no salts added. 
Other involved experiments 
were also, but led to no 
definite conclusions. 


more 
performed 
It is noteworthy 
that in all the experiments in which 
the diluents used were very soft or 
pure distilled waters, the behavior and 
appearance of the affected or 


fish were suggestive of poisoning with 


dying 
copper, rather than cyanide. 


Ferrocyamide Complex (NaCN with 
FeSO, 


Mixtures of NaCN and FeSO, solu 
tions, in which 482 p.p.m. of cyanide 
as CN~) had been combined with 193 
p.p.m. of iron, proved fairly toxic 
When they were diluted with the ordi- 
nary experimental water, a concentra 
tion equivalent to 10 p.p.m. of cyanid 
fatal to all the fish within 48 
hr., or much sooner. The variable tox 


proy ed 


icity of the mixtures was not accurately 
evaluated. Concentrations equivalent 
to 1.0 to 4.0 p.p.m. of cyanide were tol 
erated by all test animals for 48 hr 
The FeSO, solutions (400 p.p.m. as 
Fe**) had been added gradually to the 
NaCN solutions as soon as they wert 
prepared, and before any considerable 
precipitation of iron could oceur. The 
undiluted mixtures contained much 
brown precipitate, which was removed 
by filtration before some of the tests, 
vet they had 
HCN. The final weight ratio of 
to ¢yanide (as CN-) 
in excess of the corresponding ratio fo1 


iron 


was 0.4. or well 
the ferrocyanide complex (about 0.36 
The precipitation of iron began beforé 
the latter ratio had been exceeded 
Pure 


rent 


potassium ferrocyanide rea 
comparable strength, and killed no fish 
in 48 hr. when added to ordinary ex- 
perimental water in amount equivalent 
to 10 p.p.m. of cyanide (as CN 
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When first NaCN and then FeSO,, 
in amounts equivalent to 0.33 (or 0.5) 
p.p.m. CN 0.13 (or 0.2) p.p.m. 
Fe**, were added to the experimental 
water, the resulting mixtures proved 
highly toxic. Even after standing for 
3 hr., they killed all test animals within 
24 hr. A colloidal precipitate, pre- 
sumably ferric hydroxide, soon ren- 
The fish died 
The 
ratio of iron to cyanide was 
0.4, but it is evident that very little if 
any combination of cyanide and fer- 
rous had occurred in the very 
dilute mixtures. The ferrocyanide 
complex apparently did not form 
readily similar, very dilute 
NaCN-FeSO, mixed solutions prepared 
distilled 


and 


dered the water brown. 
apparently of cyanide poisoning. 


weight 
Ons 


also in 


with water. 
Mixtures of Sodium Cyanide and 
Paire d Heavy Metal Sulfates 


A clear mixture of NaCN and ZnSO, 
solutions with a weight ratio of zine to 
cyanide near 0.6 was prepared, and a 
small amount of NiSO, solution was 
then added, thus combining 553 p.p.m. 
of eyanide (as CN~) with 333 p.p.m. 
of zine and 72 p.p.m. of The 
mixture decidedly 
The precipitate formed was 
those which had been ob- 
served when ZnSO, only was added to 
a eyanide solution in sufficient quan- 
tity, and not like precipitates formed 
in NaCN-NiSO, mixed solutions. The 
mixture proved highly toxic. When 
diluted with experimental 
water to a (0.181 per 
equivalent to 1.0 
p.p.m. of cyanide (as CN-), 0.6 p.p.m. 
of zine, and 0.13 p.p.m. of nickel, it 
killed all the fish within 16 hr. in two 
tests. 

A similar experiment in which a 
little NiSO, was added to a clear mix- 
NaCN and CuSO, solutions, 
rendering it decidedly turbid, but not 
reducing its toxicity markedly, already 
has been reported. 

The addition of NiSO, and of FeSO, 


nickel. 
complete became 
turbid. 


similar to 


ordinary 
concentration 


cent by volume) 


ture of 
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to dilute NaCN-CuSO, mixed solutions 
was not found to result in any con- 
siderable liberation of copper in toxic 
form from its cyanide complex. One 
of the combinations tested was 1.0 
p.p.m. of cyanide (as CN-) with 0.75 
p.p.m. of copper (added to the diluent 
water separately, or as concentrated 
NaCN-CuSO, mixed solution) and 0.6 
p.p.m. of nickel. Another was 1.0 
p.p.m. of cyanide with 0.8 p.p.m. of 
(added to the experimental 
water as concentrated NaCN-CuS0O, 
mixed solution) and 0.4 p.p.m. of iron 
(Fe** More dilute mixtures also 
were tested. In each of these tests all 
the fish survived for 96 hr. 

When stock solutions of ZnSO,, 
CuSO,, and lastly NaCN were added to 
the ordinary experimental water in 
amounts equivalent to 1.0 p.p.m. of 
zine, 0.025 p.p.m. of copper, and 0.05 
p.p.m. of cyanide (as CN-), the result- 
ing solutions were not demonstrably 
toxic. Four such tests were performed, 
and all the fish lived for 96 hr. The 
result was obtained even when 
1.0 p.p.m. of zine, 0.25 p.p.m. of cop- 
per, and 0.33 p.p.m. of cyanide were 
combined likewise. On the other hand, 
in the absence of cyanide, 0.025 p.p.m. 
of copper combined with 1.0 p.p-m. of 
zine invariably killed all the test ani- 
within 14 hr., because of 
nounced synergism of these metals 
5).* The presence of synergistic zine 
evidently did not prevent the inactiva- 
tion of small amounts of copper by 
means of cyanide. 


copper 


same 


mals pro- 


Theoretical Discussion 


constants of the order 
which have been aseribed to 


Dissociation 
of 10°%', 
the zinc and cadmium cyanide com- 


*In this connection, it is noteworthy that, 
under corresponding experimental conditions, 
0.1 p.p.m. of copper, but not 0.025 p.p.m. of 
copper, nor 1.0 p.p.m, of zine, proved inde 
pendently fatal to the fish within 24 hr. in 
tests. Even 0.05 p.p.m. of 
copper alone and 4.0 p.p.m. of zine alone have 
been tolerated by many of the test animals 
for more than 96 hr. 


a number of 
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plexes Zn(CN),° and Cd(CN),* (6), 
do not signify toxicologically negligible 
dissociation. On the contrary, in ex- 
tremely dilute solutions, such as those 
which proved fatal to 50 per cent of the 
test animals, virtually complete dis- 
sociation of these complex ions is to be 
expected at any pH. Milne (6) ap- 
parently did not compute the degree 
of dissociation of these complexes at 
low concentrations, in the manner in 
which he computed that of the nickelo- 
cyanide complex. Such computations 
reveal that cyanide complexed with 
some metals in undiluted industrial 
wastes can be potentially as dangerous 
to fish as free cyanide. Data presented 
herein indicate that it may be even 
more dangerous, because of probable 
synergism of free cyanide and toxic 
metallic ions (Zn**, Cd**) liberated 
when the wastes are diluted. The 
mode of synergistic interaction of the 
toxicants is unknown. 

The toxicity to fish of extremely di- 
lute cyanide solutions generally is re- 
ferable chiefly to hydrocyanie acid 
present in these solutions, and not cya- 
nide ions per se. At the average pH of 
natural fresh waters (between 7.0 and 
8.0) most of the so-called free cyanide 
occurs in the form of molecular HCN 
(11)(12). Furthermore, there is evi- 
dence that the undissociated acid mole- 
cule is more injurious to fish than the 
eyanide ion (11)(13). Unfortunately, 
the terms ‘‘free cyanide’’ and ‘‘eya- 
nide ion’’ are often used interchange- 
ably (6). The confusing terminology 
The ions 
may be physiologically ineffective be- 
cause of slow penetration through gill 
membranes, while HCN does not play 
the role of 
equilibria. 


perhaps has led to error. 


ionic 
resulting 


eyanide ions in 


Cyanide ions 


from the dissociation of complex ions 
in a solution of any complex cyanide 
combine with available hydrogen ions. 
Their elimination in this manner must 
result in the liberation of more cyanide 
from the complex, until equilibrium is 


reached. The importance, in this con- 
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nection, of variations of pH within the 
normal pH range for natural waters 
apparently was overlooked in previ- 
ously published theoretical work on the 
toxicity to fish of the nickelocyanide 
complex, for the dissociation of HCN 
did not enter into the computations on 
which based. 

In the light of above considerations, 
the observed striking influence of pH 
variations on the toxicity of the nickelo 
cyanide complex appears to be easily 
explainable. The familiar ionie equi- 
librium expression 


conclusions were 


[H+][CN-] _ 
[HCN] — 


Ka 


(in which K, is the dissociation con 
stant of hydrocyanie acid, equal to 
about 7 <x 10°*°) shows that if the con- 
centration of molecular HCN is to re- 
main constant, the cyanide ion con- 
centration must be doubled when the 
hydrogen ion concentration is halved 
(inereasing the pH value by about 0.3 
pH unit). From the equation 


[Ni** ][CN- }* 


[Ni(CN).-] Kp 


(in which Kp is the dissociation con 
stant of the nickelocyanide complex) it 
ean be readily deduced also that doub- 
ling the cyanide ion concentration 
while maintaining a constant concen- 
tration of nickel ion involves a 16-fold 
increase of the concentration of nickelo- 
eyanide ion (2* = 16). 

The nickel ions present in a solution 
of sodium nickelocyanide derive from 
complex ions which dissociate, yielding 
both cyanide and the 
present as molecular HCN. 
only a small portion (much less than 
one-tenth) of the total cyanide so lib- 
erated occurs in the ionic form at any 
pH up to 8.0. Therefore, for present 
purposes, the concentration of nickel 
ions may be regarded as being vir- 
tually constant so long as the concen 
tration of molecular HCN remains un 
changed. It can be concluded that, in 
order to maintain a given initial con 


evyanide 


ions 


However, 
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centration of molecular HCN while 
raising the pH by only 0.3 pH unit, 
the nickelocyanide ion concentration 
must be increased nearly 16-fold. 

One can reasonably assume that the 
toxicity of the experimental solutions 
containing sodium nickelocyanide is 
referable to, and is determined chiefly 
by the concentration of, molecular 
HCN. At pH near and above 7.5, evi- 
dently only a minute portion of the 
total cyanide is free, the remainder 
existing in the form of relatively harm- 
less complex ions. Thus, it appears 
that about 16 times as high a concen- 
tration of total cyanide combined with 
nickel should have been required to 
produce the same toxic effect at pH 7.8 
as at pH 7.5. Actually, a 10-fold to 
13-fold increase of median tolerance 
limits was observed in experiments 
with NaCN-NiSO, mixed solutions 
when the pH was increased from 7.5 to 
7.8. This result seems to agree well 
enough with the theoretical estimate to 
justify the conclusion that the sug- 
gested explanation of the influence of 
pH on the toxicity of the mixtures 
tested is essentially valid. 

The foregoing theoretical considera- 
tions apply to the nearly straight por- 
tions of the curves plotted in Figure 1 
Complete and refined theoretical anal- 
ysis of the relation between pH and the 
toxicity of mixed solutions of NaCN 
and NiSO, has not been attempted, be- 
cause of evident inadequacy or un- 
reliability of available basic data. The 
following considerations are believed 
to be pertinent, however, constituting 
at least a partial explanation of the 
sigmoid shape of the empirical curves. 
The approximations and assumptions 
whereby the theoretical computation 
pertaining to the slope of the curves 
rendered valid 
The toxicity of 
the most concentrated and alkaline test 
solutions evidently may not be refer- 
able almost entirely to molecular HCN. 
Some of the ions present in these solu- 
tions may have contributed consider- 


was simple are not 


under all conditions. 
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ably to the toxicity, their relative im- 
portance increasing with the concen- 
tration and pH of the solutions. With 
decreasing pH, the proportion of total 
eyanide occurring as free cyanide in- 
creases, until the difference between 
the concentration of total cyanide and 
cyanide bound up in complex ions be- 
comes important. The gradual loss of 
cyanide from very dilute solutions with 
relatively low pH may have been con- 
siderable, augmenting the initial con- 
centration necessary to render the solu- 
tions fatal to fish. Free cyanide lost 
to the atmosphere or otherwise from 
concentrated alkaline solutions is mostly 
replaced through dissociation of the 
nickelocyanide complex, without ma- 
terial reduction of this reservoir of 
toxicant. Other undetermined factors 
also may have influenced the shape of 
the curves plotted in Figure 1. 

It has been tentatively assumed that 
the toxicity of a fairly dilute and not 
very alkaline sodium nickelocyanide 
solution to fish is determined predomi- 
nantly by the concentration of molec- 
ular HCN. It seemed reasonable to 
suppose that the toxicity of the free 
HCN is not greatly influenced by ionic 
nickel in the solution. Through com- 
parative examination of test solutions 
of widely varying pH and total cya- 
nide content, a close relation between 
the HCN concentration and the toxi- 
city of the solutions has been demon- 
strated. Proceeding from the fore- 
basic assumptions, the author 
has been unable, however, to reconcile 
the toxicity data reported herein with 
a dissociation constant for the Ni(CN),° 
complex ion of the order of 10°**, the 
value used by Milne (6) in his eal- 
culations. It appeared that if this 
were the correct value, the experi- 
mental should have been 
much more toxic than they proved to 
be, and should have had a stronger 
odor of HCN than they did. Thus, a 
numerically smaller dissociation con- 
stant seemed to be indicated. 

Hume and Kolthoff (14) noted that 


roiling 


solutions 
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three values for the dissociation con- 
stant of the Ni(CN),° ion previously 
reported in the literature are widely at 
variance, ranging from 3.6 xX 10°" to 
10°**.. Their own polarographic re- 
sults did not permit direct determina- 
tion of the constant, but they stated 
that these results indicated ‘‘a maxi- 
mum dissociation constant of about 
10°**.’’ They coneluded that their 
polarographic studies indicate the dis- 
sociation constant to be of the order of 
10°**, the approximate value caleulated 
indirectly from thermal data by Lati- 
mer (15), while the two greater pub- 
lished values are quite untenable. 
However, their results do not exclude 
the possibility that the true value is 
considerably less than 10-7? and sug- 
gest in fact a smaller value. It has 
been provisionally estimated that a 
dissociation constant of the order of 
10-*° would be more nearly in accord 
with the toxicity test results and 


the original toxicological assumptions 
stated at the beginning of the last 


paragraph. A need for re-evaluation 
of the constant is indicated, the pub- 
lished values being apparently unre- 
liable. 

Penetration of gill membranes by 
free nickel ions rapid enough for very 
effective internal detoxification of ab- 
sorbed HCN through complex forma- 
tion within the body tissues is deemed 
improbable for various reasons. Nev- 
ertheless, the possibility of some ab- 
sorption of nickel ion by fish from a 
sodium nickelocyanide solution and 
consequent increase of their resistance 
to HCN in the external medium may 
not be entirely disregarded. Reliable 
chemical data are needed for its 
thorough investigation. 

The observed acute lethality of con- 
eentrated and very alkaline (not par- 
tially neutralized) mixed solutions of 
NaCN and NiSO, in distilled or poorly 
buffered soft water (that is, the most 
concentrated test solutions listed in 
Tables IV and V) may be referable 
mostly to hydroxyl ions. Other ions 
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in high concentration, as well 
as small amounts of free cyanide, also 
may have contributed to the lethality. 
This matter was deemed neither prac- 
tically theoretically important 
enough to be investigated. 

Nickel must be capable of replacing 
zine and eadmium in their cyanide 
complexes, forming a more stable com- 
plex. The composition of the precipi- 
tate observed when zine was thus pre- 
sumably liberated from its eyanide 
complex has not been definitely estab- 
lished. The likelihood of precipita- 
tion of the cyanide of the replaced 
metal, which is set free to combine with 
remaining complex ions, seems to have 
been overlooked by Milne (6). In any 
event, the highly dissociated and very 
toxic zine cyanide complex should hav 
been neither eliminated entirely nor 
rendered harmless when the precipitate 
in question first appeared. The toxi- 
city test results are in accord with this 
conclusion. 

The reactions which oc 
curred in mixed solutions of NaCN and 
CuSO, chemical properties 
and toxicity of the products of these 
d more thorough investi 
Satisfactory explanation of 
the curious results of the toxicity tests 
of these solutions is not possible at 
the present time. It can be surmised 
that the toxicity of dilutions prepared 
with very soft diluent water and 
containing less than 1 p.p.m. total cya- 
nide (but not that of less dilute solu 
tions prepared with ordinary, moder- 
ately soft experimental water) is re- 
ferable to copper ions. The copper 
ions presumably derived from 
tively harmless and fairly stable com 


present 


chemical 
and the 


reactions nee 
eration. 


rela- 


plex ions, the dissociation or decom 
position of which was promoted by 
the low pH of the solutions. Pro 
longed aeration of the solutions must 
have resulted in accelerated removal of 
eyanide as volatile HCN and conse- 
quent liberation of more copper. The 
increase of the toxicity of 
continuously aerated solutions cannot 
be explained otherwise. Free copper is 


observed 
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known to be far more toxie in waters 
lacking in caleium salts and other dis- 
solved minerals than in relatively hard 
waters. 

It has been noted already that the 
intact ferrocyanide ion has little if any 
toxicity to fish (3). The toxicity of 
mixed solutions of NaCN and FeSQ,, 
in which much iron was precipitated, 
presumably is attributable to residual 
free eyanide that had not combined 
promptly with the iron, for which hy- 
droxyl ions compete. The correct ex- 
planation of the considerable toxicity 
of mixed solutions of NaCN and CuSO, 
diluted with moderately soft water 
may be similar, but probably is more 
complicated, involving the relative in- 
stability of various complex ions. 


Summary and Conclusions 


The toxicity to minnows, Pimephales 
promelas, of mixed solutions of sodium 
cyanide and sulfates of heavy metals, di- 
luted usually with synthetic soft water, 
was evaluated. These and other tests 
were performed in order to learn how 
dangerous to fish are some of the com- 
plex found in industrial 
wastes. The potentialities of complex 
formation as a waste treatment method 
thus were explored also. 

The zine cyanide and cadmium cya- 
nide complexes, which are believed to 
be almost completely dissociated in 
very dilute yet toxic solutions, proved 
exceedingly toxic. Synergism of the 
toxic metallic ions and cyanide liber- 
ated through dissociation of the com- 
plex ions is indicated. 

The appearance of precipitates upon 
the addition of metal salts (including 
salts of nickel) to waters con- 
taining cyanides gives no assurance 


eyanides 


waste 


that highly dissociated and very toxic 


complex have been elimi- 
nated, 

Free cyanide combines with nickel 
ions readily, to form a fairly stable 
complex, even when their concentra- 
tions are very low. Marked reduction 
of the toxicity of the cyanide, and also 


of the nickel, occurred as a result of 


evanides 
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this combination. The nickelocyanide 
complex was not appreciably decom- 
posed by direct sunlight. 

However, dissociation of the virtu- 
ally harmless complex nickelocyanide 
ions is negligible in dilute solutions 
only when these solutions are decidedly 
alkaline (pH about 8.0 or higher). 
Apparently because of inereased dis- 
sociation at pH 6.5, 1.0 p.p.m. of ey- 
anide (as CN-) combined with nickel 
proved more toxie at this low pH than 
1,000 p.p.m. at pH 8.0. At the lower 
pH (pH 6.5), which is well within the 
pH range of natural, unpolluted wa- 
ters, the toxicity of eyanide combined 
with nickel approached that of free cy- 
anide alone. 

Hvydroeyanie acid is formed by com- 
bination of available hydrogen 
with cyanide ions liberated by dissoci- 
ation of the nickelocyanide complex. 
The toxicity of dilute solutions of so- 
dium nickelocyanide is believed to be 
referable chiefly to the free, molecular 
HCN. The observation that merely 
doubling the hydrogen ion concentra- 
tion (for example, reducing the pH 
from 7.8 to slightly below 7.5) ean in- 
erease the toxicity of the complex salt 
than 10-fold is explainable on 
the basis of this assumption, with ref- 
erence to the pertinent ionic equilib- 
rium equations, 

The toxicity of moderately concen- 
trated solutions of sodium nickelocya- 
nide, which are quite alkaline, can be- 
much more pronounced when 
solutions diluted, thus re- 
ducing the pH. 

The concentration of 
undiluted 
waste waters obviously is not a reliable 
measure of the pollutional potency of 
Metal-cyanide complex 
including the relatively stable 
nickelocyanide ion, must be regarded 
as potential sources of toxie hydrocy- 
anie acid, which can kill fish in receiv- 
ing waters. 

Nevertheless, the addition of nickel 
salts to dilute waste eyanide solutions 
unquestionably can be an _ effective 


ions 


more 


come 
these are 
free cyanide 


only in evanide-bearing 


the wastes. 


Ions, 
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method of detoxification of the cyanide 
for the protection of aquatic life. 
When there is assurance that the pH 
of the receiving water will remain suf- 
ficiently high until the total cyanide 
concentration is reduced by dilution 
to a level which cannot be harmful 
under any conditions, this waste dis- 
posal method certainly is applicable. 
Waste disposal regulations or stand- 
ards completely and arbitrarily pre- 
eluding the application of such dis- 
posal methods are not easily justifiable. 

The toxicity of waste waters con- 
taining free ionie copper can be 
markedly reduced by complexing the 
copper with cyanide. Concentrations 
of copper in the receiving water less 
than 1 p.p.m., which can be rapidly 
fatal to fish if the water is soft, ap- 
parently can be oftea rendered harm- 
less in this manner. Extremely toxic 
mixtures of copper and zine, which are 
synergistic metals, likewise can be de- 
toxified by the addition of free eya- 
nide, which combines with the copper. 

Concentrations of copper combined 
with cyanide which are not demon- 
strably toxic in moderately soft wa- 


ters can be toxic, however, in extremely 
soft waters, especially after thorough 


aeration of the contaminated waters. 
The toxicity is believed to be due to 
liberated copper ions. 

Although ferrocyanide ions per se 
probably are harmless to fish, the toxi- 
city of very dilute cyanide solutions 
prepared with soft water was not 
markedly reduced by the addition of 
ferrous sulfate. Complex formation 
evidently was negligible. Cuprie ions 
were more effective than ferrous ions 
under the same conditions. Both (es- 
pecially ferrous ions) were more ef- 
fective when added to relatively con- 
centrated evanide solutions than in the 
more dilute solutions. 
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PROFESSIONAL ASPECTS OF PLANT OPERATION * 


By Grorce T. LOHMEYER 


Superintendent, University of Florida Sewage Treatment Plant, Gainesville, Fla. 


In the field of sewage treatment 
plant operation it is sometimes under- 
standable how occasionally an opera- 
tor might feel he is a ‘‘very small 
spoke in a very large wheel.’’ It 
cannot be denied that part of an op- 
erator’s job can be monotonous and 
routine with daily pumping opera- 
tions, daily sampling, routine labora- 
tory analyses, the periodic packing of 
pumps, the incessant battle against 
rust and corrosion, the constant neces- 
sity for meeting the public with a 
ready smile, and the endless reading 
of meters. These list only a fraction 
of the operator’s numerous duties. 
This routine, coupled with the unde- 
niable fact that the average treatment 
plant operator is underpaid, presents 
a situation which makes many people 
wonder why so many able men remain 
in the field of water and sewage treat- 
ment plant operation. 


Example of Professionalism 


Several months ago one of the pro- 
fessors from the College of Engineer- 
ing at the University of Florida was 
shown through an outstanding, well- 
operated Florida municipal sewage 
treatment plant by the plant superin- 
tendent. The professor, in describing 
his visit, made this statement. ‘‘It is 
easy to explain why that particular 

* The Overflow, Florida Water and Sewage 
Works Operators Assn. 


plant is so well operated. The man 
who took me through exhibited such 
inward pride in his job that the plant 
could have been but one thing, a ‘show 
place in plant operation.’ This opera- 
tor was a professional man, if ever I 
have met one.’’ 


Plant Operation a Profession 


What is the professional man, re- 


ferred to by this professor? The dic- 
tionary defines a profession as being 
a ‘‘calling or vocation; especially one 
that requires learning and mental 
rather than manual labor.’’ In this 
sense it follows that the doctor, the 
lawyer and the engineer are surely 
professional people. But is it not also 
true that the nurse is a professional 
person? The proper performance of 
her duties requires years of theoretical 
and practical training even though 
many of the duties of a nurse consist 
of manual tasks. 

In a like sense water and sewage 
treatment plant operation, while by 
necessity requiring more physical ex- 
ertion than some occupations, is a true 
profession if each and every operator 
inwardly feels the importance of the 
work he is doing. If the operator fails 
in appreciating fully what he is doing 
for the good of his fellow citizens he 
will be nothing more than the mere 
operator he thinks he is. If he is 
earnestly proud of his job he will cause 
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people to react to him and his work 
as the professor did. 


Importance of the Plant Operator 


How important are the operators of 
sewage treatment plants? The chief 
engineer of Florida has this to say. 
‘“‘The importance of the water 
sewage plant operator has 
counted many times by 
benefits of proper plant 
which include such items as a 
water for the home and industry and 


and 
been re 
listing the 

operation 


safe 


the protection of our water resources, 
these to hit only the high points. In 
Florida, where we enjoy close to a 
billion dollar annual tourist trade, the 
operation of water and sewage works 
greater importance 
Consider for a moment the impact on 
our tourist 
borne 


assumes even 
trade if just one water- 
outbreak should de- 
velop in our state—the answer is obvi 
ps, ¢ 


of disease 
Yes, the answer is obvious and is 
an answer of even colossal magnitude 
when it is realized tourism is Florida’s 
largest industry, bar none. 
instances of the importance of the po- 
sition of the 


Similar 


water and sewage treat 
ment plant operator can be found in 
This is particularly evi- 
dent during the summer vacation sea- 
son when more than 100-million Ameri- 
cans will take to the open roads and 
visit other towns and states. 


every state. 


Identifying the Professional Operator 


Do you know a professionally minded 
plant operator? You can identify him 
by the following characteristics: 
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He fully understands the responsi- 
bility placed on his shoulders in main- 
taining the public health and economy 
of his community. 

He shows he is proud of accepting 
this responsibility by his every action 
—on and off the job. 

He is constantly working to educate 
the public on the work his profession 
is accomplishing. 

He works in all activities which aid 
the progress of his fellow operators 
through societies and 
through his local municipal govern- 
ment. He cooperates with all 
state regulatory agencies. 


professional 
also 
He ean also be identified by observ- 


ing the plant and plant 


keeps. 


records he 
The record will reveal he is on 
duty more than the required ‘‘40 hours 
per week.”’ 

Last, but 
spected man in his community. 


not least, he will be a re- 


Conclusion 


Dr. Albert Einstein, the noted 
mathematician and humanist, said, ‘‘a 
man’s value to the community depends 
primarily on how far his feelings, 
thoughts and actions are directed to- 
ward promoting the good of his fel- 
lows.’’ Surely the operators of sewage 
treatment plants are rendering to a 
high the type of 
ferred to by Dr. Einstein. 


degree service re- 
It is essen- 
tial that every operator fully realize 
this responsibility. When this is done, 
ours will be a 


profession in every 


sense. 


SEWAGE PUMPING * 


By M.S. 


Sales Engineer, H. D 


Sewage is oftentimes defined as the 
water-borne waste of the community, 
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which under average conditions contains 
99.8 per cent water, with 0.2 per cent 
mineral and organic solids. The layman 
might well wonder about the problems 
of pumping sewage; why should there 
be any more problems, if sewage con- 
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tains only 0.2 of 1 per cent solid mat- 
ter, than there would be with pumping 
water? However, for those whose busi- 
ness it is to design, construct and operate 
sewage pumping stations, the abrasion 
on pump shafts and bearings and 
the high maintenance costs due to clog- 
ging by sewage solids are way out of 
proportion to the frequently misinter- 
preted ‘‘0.2 of 1 per cent’’ as used in 
the preceding definition of sewage. 
This is particularly true if in the se- 
lection of sewage pumping equipment 
and the design of stations to house this 
equipment, the lessons learned from 
past experience are not used advan- 
tageously. 

The one common goal always sought 
after in the design of a sewage pump- 
ing station is economical cost of con- 
combined with minimum 
These two considera- 
tions, however, are not always com- 
patible. Pump selection and pump 
station design must necessarily be a 
compromise between low-cost construc- 
tion and minimum maintenance. If 
finances are not considered at the time 
of design, they frequently appear as a 
factor at the time of receiving bids. 

Slightly higher first cost to prevent 
excessive maintenance eosts later ean 
be justified in most eases if the cost of 
replacing parts and labor, and the 
benefits of uninterrupted pumping 
service are all properly evaluated. 

Although full advantage should be 
taken of the knowledge gained by ex- 
perience in design and operation, the 
designer and operator cannot afford to 
neglect the opportunity of taking ad- 
vantage of new ideas and even adopt- 
ing or modifying old discarded pro- 
cedures if benefits can be obtained by 
varying from what is considered nor- 
mal practice. 

This paper is concerned primarily 
with the pumping of sewage at small 
lift stations. It not attempt a 
complete coverage of all types of sta- 
tions. Not only are there a larger num- 
ber of small stations, but they are beset 


struction, 
maintenance. 


does 


with more problems. 


SEWAGE PUMPING 


Lift Station Types 


In the selection of the type of sewage 
lift station, there is frequent oppor- 
tunity for savings in construction, a 
part of which could be applied to 
better selection and arrangement of 
pumping equipment to keep operation 
and maintenance costs at a minimum. 
Depending on the quantity of sewage 
to be handled, and freedom of the 
pumping station site from flooding, the 
lift station design probably will be 
based on one of three general types: 


L Wet pit installations with vertical 
pumps. 

2. Underground welded steel pump 
stations. 

3. Dry pit installations. 


Wet Pit Stations 


The wet pit installation employs a 
vertical type pump with the pump 
easing suspended directly in the wet 
well through vertical shafting. Dis- 
charge piping and the motor are sup- 
ported at ground level. This type of 
design is particularly adapted to the 
small station and provides the most 
economical type of over-all construc- 
tion. The most advantageous use of 
this type of station in reducing costs, 
that is not always used to full ad- 
vantage, is without any construction to 
house pump motors and controls. The 
above ground structure can, in many 
eases be omitted entirely, employing 
totally enclosed motors and weather- 
proof controls. Actually in many sec- 
tions of the United States there is not 
sufficient icing in the winter to inter- 
fere with the float switch operation, 
which might be the only operating dif- 
ficulty to be encountered with this type 
of construction. 

Whereas the wet pit installation has 
its cost advantages for the small sta- 
tion, it does have the disadvantage of 
having to remove the entire pump as- 
sembly (pump, shaft and motor) for 


inspection or in order to do any main- 


tenance work. This usually involves 
setting up an ‘‘A-frame’’ or moving a 
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Also in resi- 
dential areas, the exposed motors may 


crane in for the purpose. 


be an unwelcome 


reminder to the 
neighborhood that a sewage pumping 
station is present. 

The wet pit installation employs 
vertical submerged pumps, because of 
their installation 
The economy of wet pit construction 
may be used to advantage even with a 
horizontal type pump. There is no 
question that the horizontal unit 
maintain and service. The 
horizontal pump may be successfully 
utilized by placing it at ground level 
with the suction in the wet pit, and 
by providing automatic vacuum-type 
primers. No concern would be felt 
about this type of installation if de- 
signers were aware that automatic re 
priming of pumps is 
sible, rapidly and without any appreci- 
able delay. 

Several 


economical costs. 


easier to 


sewage pos- 


fish pumping systems em- 
ploying horizontal 8- and 10-in. 
clog sewage pumps in conjunction with 
automatie priming systems unload fish 
from the holds of boats with 


non- 


suction 
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heads as high as 26 ft., under condi- 
tions where it is impossible to main- 
tain the inlet suction hose submerged, 
and where suction is broken and re- 
stored rapidly at frequent intervals. 
Actually the priming requirements on 
a sewage lift station would not be as 
severe as in this service; however, ad- 
vantage has not been taken of this 
type of design. 


Pre fa bricated Stations 


Although there is no question that 
pump motors and controls are best 
installed ground, local condi- 
tions sometimes make such installations 
impractical, or even impossible. Then 
a solution in the form of a prefabri- 
eated, water-tight underground pump- 
ing station, often will prove quite sat- 
isfactory. Such stations (Figure 1) 
ean be installed anywhere, in parking 
strips, parkways, or even beneath the 
streets and at busy intersections. 
They are dry stations, with tight covers 
and without structures above ground. 

Damage from underground water 
seepage is eliminated by means of a 


above 
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welded steel watertight chamber. This 
steel shell covers both pump chamber 
and entrance tube. Pumps and con- 
trols located in the watertight 
chamber with the chamber being set 
immediately adjacent to a manhole 
which serves as the wet well and from 
which the pumps in the watertight 
chamber take suction. 

Generally, the stations are com- 
pletely prefabricated, ready for in- 
stallation. It is only necessary to 
lower the station in place, make the 
piping connections, and install the 
conduit and wiring, and the unit is 
ready for operation. 

This type of underground station 
is available from a number of pump 
manufacturers in either standard or 
types. With the flood- 
proof type, for use where danger of 


are 


flood proof 


os 
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complete submergence makes an ordi- 
nary installation impossible, an extra 
drum is furnished which extends down 
to a point considerably below the ele- 
vation of the electrical equipment and 
controls. The motors and controls are 
located in the air-locked space in the 
upper part of the chamber. Even with 
a considerable head of water above this 
chamber and with the cover removed 
from the manhole, water cannot rise 
high enough above the bottom of the 
drum to reach motor windings, elec- 
trical controls or connections. Vertical 
pedestal-mounted pumping units are 
usually employed in this type of sta- 
tion. 


Dry Pit Stations 


For the larger sewage lift stations, 
with flows requiring pumps having 8- 





ell 


FIGURE 2.—Dry pit pumping station utilizing screening pumps. 
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in. or larger flanged connections, dry 
pit construction (Figure 2) is invari 
ably to be recommended. Pumps may 
be horizontal, vertical with motor ped- 
estal-mounted, or vertical with motor 
mounted on the operating floor at 
ground level. The latter utilizes ex- 
tended shafting between pump and 
motor Again the horizontal-type 
pump would be preferable, except for 
the large space requirement. The pos- 
sibility of flooding may limit the selec 
tion to vertical units with extended 
shafting.. Any of these pumps and 
motors may 
place of the special screening-type 
pump shown in Figure 2. 

Where space is a serious consideration 
and protection against flooding of the 
dry pit does not have to be provided, 
then pedestal-mounted 
would be a logical choice. Irrespective 
of the pumping equipment selected, 
there should be a complete separation, 
with watertight construction, between 
the wet pit and the dry pit. This is 
necessary to minimize condensation 
flooding of the dry pit 
due to power outage or pump failure. 

On all main trunk sewers preceding 


be successfully used in 


vertical units 


and avoid 


sewage treatment works, consideration 
should be given to the installation of 
grit removal and screening 
There is justification for installation of 
these devices on main interceptors im 
mediately preceding treatment, inas- 
much as they should be provided at the 
treatment works in any event, and if 
they can be located ahead of a main 
lift station just preceding treatment, 
so much the better. 

The majority of lift stations are not 
equipped with sereening devices of any 
The question of 
ahead of lift 
paradoxical one, since it can be rea- 
soned that for the small stations, where 
screening is most needed, their instal- 
lation is too costly, and in the large 
stations, where sereens can be afforded, 


devices. 


type. providing 


sereening stations is a 


their need is not so well defined, since 
the larger units will pass larger solids 
with fewer stoppages. 
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Pump Selection 


The selection of pumping equipment 
after the head and capacity have been 
determined is a relatively simple matter 
when pumping water. Either the capac- 
ity is small and an end-suction pump 
may be used, or if the capacity require- 
ment is large a double suction pump 
with split case can be used. It then 
becomes just a matter of selecting the 
proper pump size to fit the head and 
capacity requirements. Not so in the 
selection of a sewage pump. Location, 
total head, capacity, flow variations, 
grit quantities, and the relationship of 
friction head to total dynamic head, 
all must receive consideration before a 
proper selection can be made. Selec- 
tion may be made from a relatively 
wide range of pumps: the ‘‘non-clog’’ 
centrifugal in either horizontal or ver- 
tical types; the ‘‘bladeless’’ centri- 
fugal in either horizontal or vertical 
types; the pneumatic ejector of the 
Shone type; the duplex units with 
built-in such as the ‘‘Flush- 
Kleen’’; and the newer ‘‘torque-flow 
type. Each type has definite 


sereens, 


solids’”’ 


individual characteristics and applica- 
tions, a knowledge of which is essential 


in proper selection 


job. 


for any specific 


Non-Clog Pumps 
The so-called ‘*non-clog’’ 
pump 


clogging. 


centrifugal 
3) is not always non- 
Ever since the term ‘‘non- 
was first coined by the sewage 
pump manufacturers, they have been 
working diligently to develop sewage 
pumping units which would be non- 
clogging, particularly with small flows. 


(Figure 


elog’’ 


Impellers 


The conventional ‘‘non-clog’’ centri- 
fugal sewage pump impeller has two 
vanes enclosed by two shrouds, one 
on each side of the vanes 
enters the ‘ 


The sewage 
in the center of the 
impeller, gaining its velocity of dis- 
eharge through the centrifugal action 
of the impeller. 
outward through the 


‘ eve’? 


thrown 
located 


Sewage is 
ports 
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FIGURE 3.—Non-clog centrifugal sewage 
pump. 


the 


responsible 


within impeller. These ports are 
this 
type pump if they are not large enough 
and properly rounded and smoothed 


to pass the size of solids anticipated. 


for the clogging of 


It is interesting to note the develop- 
ment of the ‘‘non-clog’’ type impeller. 


Early impeller designs were of the 
that is, with no sidewalls, 
or shrouds attached, and they usually 


approximated paddle wheels. 


open ty pe, 
As ex- 
was gained, semi-enclosed im- 
with a shroud on the packing 
gland side of the impeller which ex- 
tended from the impeller hub to the 
outer followed. 
Still more experience resulted in the 
fully-enclosed impeller, that is, with 
shrouds both the vanes 
forming enclosed ports between the im- 


perienc 
pellers, 


circumference, 


soon 


on sides of 
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peller eye and the circumference of the 
impeller. 

Advantages of the enclosed impeller 
are: (a) clearances are not re- 
quired for efficient performance; (b) 
a higher efficiency is obtained since 
there is no fluid slippage past the 
vanes; (c) wear on the impeller is 
slower, since the impeller vanes do not 
have to maintain rubbing clearances 
with the top and bottom, or side plates ; 
and (d) the enclosed impeller provides 
maximum freedom from clogging as 
the enclosing shrouds allow maximum 
freedom for rounded blade edges and 
waterways. 

Repelling vanes have been placed on 
the back of the shroud closest to the 
casing end through which the impeller 
shaft passes. These vanes have the 
shape of impeller vanes, but are 
smaller and usually four in number. 
Repelling vanes accomplish the follow- 
ing principal functions: (a) provide a 
slight which tends to draw 
lubricant, or water-seal water through 
the bearing or packing gland in the 
direction of the discharge; (b) elimi- 
nate the fluid against the 
lower sleeve bearings in submerged 
pumps of the wet pit type, or the pack- 
ing gland on dry pit pumps; (c) pre- 
vent grit from getting behind the im- 
peller; and (d) eliminate the possi- 
bility of stringy material winding 
around the shaft or impeller hub. The 
repelling vanes assure a constant flow 
of lubricant or seal water through the 
bearing surface, passing out through 
the impeller discharge, thereby pre- 
venting abrasive materials from work- 
ing into the bearing. 

Because of the design of non-clog 
type impellers, particular attention 
must be devoted to the use of this im- 
peller on high heads. When the dis- 
charge head increases it is necessary to 
increase the number of vanes or ports 
from two to three, or possibly four, 
in order to meet the head require- 
ments. Obviously when this is done 
the water passages through the ports 
are decreased to make room for the 


close 


vacuum 


pressure 
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additional vanes. For example, an 
impeller used on a low head applica- 
tion can have a 4-in. diameter impeller 
eye opening with 4-in. by 4-in. port 
openings in the two vanes. The ad- 
dition of more ports to take care of a 
higher head condition may reduce the 
passages between the shrouds and im 
peller vanes to 2 in. by 4 in. Thus, 
while the impeller eye opening maj 
remain the same, the ability of the 
ports to pass solids is reduced by 50 
per cent. 

The alternate choice, although unde 
sirable, is to increase the speed of the 
impeller. In high head applications, 
consideration should be given to the 
use of two pumps in thereby 
maintaining two port impellers in both 
pumps with 4-in. openings without an 
increase in speed, 

Another critical condition 
tered in the selection of a non-clog type 
pump for small capacities is the fact 
that the pump is operating very close 
to the shut-off head. Designers must 
use extreme caution in pump selection 
for this type service since a difference 
of 1 or 2 ft. in total dynamic head 
can result in a variation in pump ¢a- 
pacity of as much as 20 per cent, since 
sewage pump curves are quite flat, as 
compared to a similar size pump for 
water. For example, with too much 
tension on a spring-loaded check valve, 
the pump would not perform as antic 
ipated. 


series, 


encoun- 


Mou ntings 
Most 


pump manufacturers have 
available what is known as 
eoupled”’ The 
pump has the impeller mounted di- 
rectly on the end of an extended motor 
shaft with no bearings in the pump 
housing. Accordingly, all of the load 
is carried by the motor bearings. In 
the direct-connected type pump flex- 
ible coupling is employed between the 
motor shaft and pump shaft, and there 
are bearings in the pump housing. 
The close-coupled pump was de- 
veloped first for water recirculation 


‘ elose- 


pumps. close-coupled 
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purposes and low lift end suction type 
water pumps. Later, in attempting 
economies in sewage pumping equip- 
ment, the close-coupled pump was of- 
fered for pumping sewage. This type 
of pump has a very limited place in 
sewage pumping because the electric 
motor bearings should not be expected 
to take the load of the motor as well as 
the impact loading caused by the han- 
dling of raw sewage. 

Where the motor is mounted on a 
pedestal directly above and attached 
to the pump easing, particular care 
should be given in the selection of 
mounting. There is nothing wrong 
with the use of a flexible coupling pro- 
vided the pedestal supporting the mo- 
tor is sufficiently strong to earry the 
loads which will be placed upon it. 
Sometimes where light weight pedestal 
mountings were accepted, vibration re- 
sulted to such an extent that guy wires 
had to be attached from the motor 
frame to the walls of the pumphouse, 
to prevent the pump from walking. 


Efficiency 


High efficiencies in a well designed 
sewage pump should neither be asked 
for nor expected. In order to 
solids freely, a sewage pump must have 
large open eliminating 
the possibility of high efficiencies. The 
best efficiency range for a non-clog 
type sewage pump is from 60 to 65 
per cent. If the efficiency is above 
these limits, a second look should be 
taken. There may be a good reason in 
some higher efficiency, but 
generally the claim of a high efficiency 
solids handling pump should be con- 


pass 


passageways, 


eases for 


sidered with suspicion. 


Speed 


The lower the impeller speed the 
longer the life of the pump and the 
less maintenance required. Pump 
speeds of 1,150 r.p.m. or less are to be 
desired. 


In general, the lowest speed 
capable of meeting the head require- 
ments should always be selected. 
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Size 


It is now generally recognized that 
a non-clog centrifugal pump with inlet 
and outlet openings of less than 4-in. 
should not be used for pumping sew- 
It is also recognized that a sew- 
age pump should have openings large 
enough to pass a minimum-size solid 
of 21% in., and preferably 3 in. These 
limitations create the major problem in 
handling sewage solids in small flows. 
Pumps 4-in. in size have a minimum 
capacity which exceeds the require- 
most small lift stations. 
Many centrifugal pump manufacturers 
cannot supply a sewage pump of less 
than 150 to 200 g.p.m., while about the 
smallest capacity available in any 4-in. 
pump is 75 g.p.m. 

Where the available capacity of con- 
ventional non-clog centrifugal sewage 


age. 


ments of 


FIGURE 4.—Centrifugal sewage pump 
with a “bladeless” impeller. 
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pumps is too small to assure reliable 
service, there are four special types of 
pumps from which selection may be 
made. 


Bladeless Impeller Pumps 


The ‘‘bladeless impeller pump 
(Figure 4) is a modification of the 
two-port, non-clog centrifugal pump, 
in that it has a single blade providing 
one port through which the flow passes 
from the impeller eye out of the im- 
peller. Just as in the case of increas- 
ing the number of ports to gain head 
results in loss of ability to pass solids, 
here reducing the number of ports in- 
creases the size of opening within the 
impeller. This type of pump will de- 
liver approximately one-half of the 
flow of the same pump of a non-clog 
type, and requires a little more than 
one-half the horsepower. On the other 
hand, the ‘‘bladeless’’ pump is several 
times harder to clog than its conven- 
tional counterpart. 


be] 


Screening Sewage Ejectors 


The screening sewage ejector (Fig- 
ure 2) is fundamentally two non-clog 
centrifugal pumps operating in paral- 
lel, with screens built in so that only 
screened sewage enters the pump ¢as- 
ing, thereby eliminating clogging. One 
pump operates while the other passes 
screened into the wet well, 
then on the next cycle of operation the 
function of each is reversed. Conse- 
quently, for a lift station with a rated 
capacity of 100 g.p.m., each of the two 
units must have a capacity of 100 
g.p.m. These pumps are particularly 
adapted for low flows and high heads. 


sewage 


Pneumatic Ejectors 

Pneumatic ejectors (Figure 5) of 
the Shone type are one of the oldest 
and most dependable types of sewage 
pumping equipment. Their best ap- 
plication, however, is limited to low 
flows and low heads. In capacities ex- 
eeeding 400 g.p.m. these units are not 
in competition with non-clog pumps, 
and they should be limited to heads 
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FIGURE 5.—Pneumatic sewage ejector. 


of 50 ft. or less, due to the efficiency 
lost in compressing air at higher heads 
Pneumatic ejectors have the advantage 
of handling any size solid that will 
pass through the inlet and outlet pip- 
ing and they are able to operate under 
totally conditions. Thei 
use should be considered in any instal- 
lation 
grit 


submerged 


where considerable amounts of 
and must be handled, for 
example, at a seaside resort community 


sand 


since sand is readily ejected without 


coming in contact with any moving 


part. 


Torque-Flow Solids Pump 


A new development in the sewage 
pumping field is the ‘‘torque-flow 
pump (Figure 6), which is a 
centrifugal pump with no impeller eye 
opening. This development 


solids’’ 


incorp )- 
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rates the application of the torque con- 
version principle, in which the dis- 
charge velocity is created by the ro- 
tating fluid, induced by the impeller. 
The fluid is not required to 
through any impeller openings. 


pass 
This 
unit is available in capacities up to 
2,000 ¢.p.m. and for a wide range of 
heads. It has not been perfected for 
capacities less than 200 g.p.m. The 
requirement is approxi- 
mately 25 per cent greater than that 
required for the conventional non-clog 
centrifugal pump. Applications of 
this pump for both sewage and sludge 
pumping have problems 
from clogging. 


horsepower 


shown no 


Number of Pumps 


The ideal selection of pumps for any 
pump station would be one in which 
the discharge would vary directly with 
the flow. This can be accomplished 
with variable speed motors, magnetic 
couplings or with variable pitch pro- 
pellers on large pumps. Loss of ef- 
ficiency under a varying speed condi- 


FIGURE 6—A new type centrifugal 
sewage pump which operates on the 
“torque-flow solids” principle. 
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tion and maintenance problems of vari- 
able speed control equipment have 
usually rendered these methods unsat- 
isfactory. 

The most practical approach is by 
step operation of the pumps to ap- 
proximate the flow curve. Selection 
on this basis may indicate three, four, 
or even five pumps. A basie selection 
of three pumps assumes there are no 
extreme variations due to storm flows. 
With three pumps, one unit would be 
equal to the peak flow anticipated and 
the remaining two would be of equal 
capacity, but with their combined ¢a- 
pacity equal to one-half of the peak 
flow. For example, with a peak flow 
of 500 g.p.m., one 500 and two 125 
g.p.m. pumps would be selected. Under 
this method, peak flows can be handled 
with the large unit alone. One of the 
small pumps running perhaps 90 per 
cent of the time or the two smaller 
units the flow alternately, 
could handle the low or normal flows. 


dividing 


The large unit possibly would operate 


only 10 per cent of the time. Repairs 
and maintenance are confined chiefly 
to the smaller units. 

In the selection of the number of 
pumps and their capacity, the relation- 
ship between friction head and total 
dynamic head is exceedingly impor- 
tant. If the friction head is of any 
consequence, for example, due to a 
long force main, then the actual output 
of any pump when more than one 
pump is operating may not even re- 
semble the condition for which the 
pump was selected. In the previously 
cited example of one 500 and two 125 
pumps, if the friction head is 
large and the 500 g.p.m. unit was oper- 
ating in conjunction with the two 125 
¢.p.m. units, then the pump rated at 
500 g.p.m. may be delivering only 300 
e.p.m. In fact, it could be that one of 
the 125 ¢.p.m. pumps would deliver its 
rated capacity when operating alone, 
but that with both the 125 g.p.m. 
pumps operating, a combined flow of 
only 150 g.p.m. would be obtained. 

The reason for this is the flat char- 


r.p.m. 
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acteristic curve of any pump designed 
to pass large sewage solids and the 
wide variation in capacity with small 
change in head. It is important, 
therefore, that a system curve be de- 
veloped for any lift station in order to 
determine the output of all combina- 
tions of pumps under all head condi- 
tions. 


Operation and Maintenance 


While the subject of operation and 
maintenance of pumps alone merits an 
entire separate discussion, there are 
some comments which cannot be 
omitted from any pump discussion in 
the interests of better operation and 
maintenance. 

In the first place, the performance 
curve of every pump in the system 
should be obtained from the pump 
manufacturers. The actual output of 
each pump and operating head should 
be checked against the curve. Periodic 
pump checks against the curves may 
disclose a number of operating defi- 
ciencies. Worn impellers, stuck check 
valves, too much tension on spring- 
loaded check valves, or a drop in out- 
put due to speed reduction as a result 
of low voltage may be detected in this 
manner. 

Another important check that can 
be made, even on old installations, but 
more particularly on a new installa- 
tion, is to see that the correct heaters 
are installed in magnetic starters for 
overload protection. A heater that has 
too high an amperage rating may re- 
sult in a burned-out motor. 

Any bearing that has been sub- 
merged in water should be immediately 
replaced. It will go out sooner or later 
and perhaps take a good shaft with it 
at an inconvenient time. 

Improper lubrication, either too 
much or too little, is a frequent cause 
of bearing failure. Remember, that if 
a sleeve bearing is running too hot—it 
does not have enough grease. If a 
ball bearing is running too hot—it has 
too much grease. A sleeve bearing 
may take as much as an ounce of grease 
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per day, whereas a ball bearing pos- 
sibly should not have over one ounce 
of grease in six months. 


Summary and Conclusion 


Sewage pump selection must be 
made entirely on the basis of the job 
be handled. If the flow 


enough to assure large passages 


to is large 


in 
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the pump with slow speed, then a so- 
called ‘‘non-clog’’ centrifugal pump 
should be selected. High pump ef- 
ficiency should not be expected with 
openings large enough to pass sewage 
solids nor at slow speeds. Small sew- 
age flows should be handled with one 
of the special pumps designed particu- 
larly to handle small capacities. 


INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


‘* Life is not 
cemented by motives, hates 


Attention operators! 


built as a solid mass; 
and loves.- -W. W. 


It will be appreciated if copies of the annual reports of both 
and small sewage and industrial waste treatment plants are sent to the Federation 
for abstracting in this section of the Journal. 
Operator’s Corner, Federation of Sewage and 
Wisconsin Ave., N.W., Washington 16, D. C. 


it is built of individual days 
W. Argow. 


large 
office 

The 
4435 


Please direct annual reports to: 
Industrial Wastes Associations, 


Annual Report of the Minneapolis-Saint Paul (Minn.) Sanitary District 
for the Years 1953 and 1954 * 


By Kerwin L, Mick, Chief Engineer and Superintendent 


General 


Operations of the Sanitary District 
treatment 
during this two-year period following 
the spring flood of 1952. Report of 
the Corps of Engineers disclosed that 
the estimated cost of permanent flood 
protective works could not be justified. 
of the treatment 
sewer system 


facilities continued normal 


needs 
the 
being given increased study in prepa- 


Expansion 


facilities and are 


for future requirements. It 
estimated that the 
flow will increase 20 m.g.d. per year. 


ration 
has been sewage 

The names of seven employees were 
added (1954) to the roster of employ- 
ees having 20 years of service, bring- 
ing the total to nine. 
claimed two employees in 


However, death 
1953, 
being the first employee to have 20 


one 


years of service. 


* For last previous extract see THIS JouR 
NAL, 26, 7, 912 (July, 1954). 


Operation 


The total flow established a record 
in 1953. This represented a continued 
increase, first apparent in 1951. 

The values in Table I are indicative 
of the increased load. Per capita 
values are based on the estimated trib- 
utary population. 

Assuming 0.18 lb. of 5-day B.O.D. 
per capita per day for domestic sewage 
only, the population equivalent of the 
sewage and wastes received at the 
plant during 1953 was 1,240,000 or 
36 per cent greater than the estimated 
population of 914,000. For 1954 the 
population equivalent was 1,360,000 or 
46 per cent greater than the estimated 
population of 932,000. Industrial 
wastes accounted for the major part 
of this difference, and according to 
these figures would amount to 26 and 
31 per cent, respectively, of the pollu- 
tion load on the plant. 

The raw sewage strength showed an 
increase in 1953 and 1954 when com- 
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TABLE I.—Comparison of Load, 1952-54 


Item 
Population, tributary (est.) 
Sewage flow (m.g.d.) 
Sewage flow (g.p.c.d.) 
Susp. solids, infl. (Ib./cap./day) 
B.O.D., infil. (Ib./cap./day) 


pared with 1952. Total solids aver- 
aged 796 and 820 p.p.m., respectively, 
compared with 765 p.p.m. in 1952. 
Suspended solids averaged 265 and 276 
p.p.m. for 1953 and 1954, respectively, 
compared with 251 p.p.m. in 1952. 
The B.O.D. showed a corresponding 
increase from 172 p.p.m. in 1952 to 188 
p.p.m. in 1953 and 212 p.p.m. in 1954. 

The extreme ranges of sewage 
strength are also of interest, in con- 
trast with the average values. The 
B.O.D. is usually at a minimum on a 
Sunday following or during a heavy 
run-off from rain or snow, at which 
time it is approximately 60 p.p.m. 
The maximum B.O.D. for the years 
1953 and 1954 occurred on the Wed- 
nesday before Christmas. In terms 
of suspended solids the raw sewage 
strength is at a minimum on Sunday. 
Maximum concentration of solids oe- 
curs when unusual quantities of grit 
are flushed through the interceptor 
sewer by either an extremely heavy 
rain or a thaw. 


Sludge Conditioning and Filtration 


Raw sludge is pumped from the set- 
tling tanks at the greatest practicable 
concentration, averaging 7.25 and 6.65 
per cent, respectively, for the two 
1953 and 1954. The pH aver- 
aged 6.1. The character of the sludge 
may vary considerably from day to 
day as the result of storms, industrial 
wastes and changes in the domestic 


sewage. 


years, 


The average chemical dosages re- 
quired to condition the sludge for fil- 
tration, based on the dry sludge solids, 
were: 


Dosage (%) 
Chemical 1953 1954 
2.94 3.23 
1.14* 1.17* 


Lime 
Ferric sulfate 


* As equivalent ferric chloride. 


907,000 


1952 1953 1954 


914,000 932,000 

135.2 142.6 138.6 

149 156 149 
0.32 0.33 0.34 
0.21 0.24 0.26 


These dosages were about the same as 
required during the latter part of 1952 
when chemical requirements increased 
materially. 

Continued difficulty was experienced 
with blinding of the filter cloths, ne- 
cessitating more frequent washing and 
acid baths. This is believed to be prin- 
cipally the result of an increasing con- 
tent of oils, fats and greases (and per- 
haps detergents) in the sludge and is 
tied in with the difficulty experienced 
in pumping sludge through the pipe 
lines. Deposits on the pipe walls re- 
quired frequent scrapings at intervals 
ranging from three weeks to five 
months. In 1954, the 6-in. sludge sue- 
tion lines required cleaning for the 
first time. 

A sloping baffle was installed during 
1953 in the sludge conditioning tank 
in order to intermix more completely 
the sludge mass and chemicals prior 
to filtration. Subsequent pH tests in- 
dicated a more uniformly conditioned 
sludge. It is hoped that this change 
will result in an improvement in filter 
cloth life and a decrease in chemical 
dosages. 

In November, 1954, 32-mesh Saran 
filter cloths were installed on the 8 
vacuum filters for experimental use 
under actual plant operating condi- 
tions. Results of the tests indicated 
the following: 


1. Production per filter averaged 
about 10 per cent more dry tons for 
those covered with Saran cloths com- 
pared with the regular cotton cloth. 

2. Saran filter cloths required fewer 
washing periods than the cotton cloths. 

3. Saran cloth was not nearly as 
subject to conditioned sludge varia- 
tions as the cotton cloths. 

4. Saran cloth produced a filter cake 
which was uniform over the entire face 
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of the filter compared with spotty cake 
production of the cotton cloth, due to 
the latter becoming easily ‘‘blinded’’ 
from embedded sludge particles and 
excess chemicals. 

5. Filter speeds could be appreciably 
increased with the Saran cloth filters, 
with no loss in filter cake production, 
while this did not hold true for the 
eotton cloth filter under the same op- 
erating conditions. 

With all of the conditioned sludge 
being filtered through the Saran cloths 
for the last 58 days of 1954, the follow- 
ing operating results were noted: 

1, The 
quirement 


coagulant dosage re- 

drastically reduced 
from an average of 2.25 per cent ferric 
sulfate as Ferri-Floe, equivalent to 
1.30 per cent FeCl,, based on the dry 
sludge solids for the first 10 
of 1954 using cotton cloths, to an avy- 
erage of 0.88 per cent ferric sulfate as 
Ferri-Floc, equivalent to 0.51 per cent 
FeCl,, for the last two months of the 
year with Saran cloths. 

2. The lime _ requirements 
showed a slight from a 10- 
month average of 3.28 per cent CaO to 
the average of the last two months of 
2.97 per cent CaO. 

3. Where the time interval between 
washing periods with cotton eloths was 
1 hr., it was found that this could be 
increased to a 2-hr. interval with the 
Saran cloths. This effected 
power and water economies. 


Other advantageous factors devel- 
oped through the use of these Saran 
cloths. One of the significant 
developments appears to be the in- 
life of cloths. Where 
formerly the cotton cloths gave a serv- 
ice life of only 400 to 500 hr., with an 
acid bath or two between 150 and 300 
hr. to remove eloth ‘‘blinding,’’ the 
sludge was still being filtered through 
the 8 original Saran cloths at the end 
of 1954. At that time the average life 
of the six cloths installed early in 
November was 1,252 operating hours, 


iron 
was 


months 


also 


decrease 


labor, 


most 


creased these 
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ranging from 1,217 to 1,317 hr. The 
two cloths installed in December had 
operated for 434 and 571 hr. Acid 
baths for filter cloth ‘‘blinding’’ were 
not required at any time during the 
two months of operation with the 
Saran cloths. 

A definite change in the sludge fil- 
trate solids content was noted because 
of the Saran cloth operations. Al- 
though the average filtrate total solids 
content for November and December 
increased to only 4,300 p.p.m., 
pared to an average of 3,700 p.p.m. 
for the first 10 months of 1954, the 
suspended solids content increased to 
an average of 1,600 p.p.m. from an 
160 p.p.m. for the 
periods. However, the per cent of 
volatile matter in the filtrate 
pended solids for these periods showed 


com- 


average of same 


sus- 


practically no change, being 65.9 per 
cent and 65 per cent, respectively. In- 
asmuch as the thickened sludge volatile 
solids content showed an increase from 
an average of cent for the 
first 10 months to an average of 76.5 
per cent for the last two months, it 
can be assumed that the inerease in 
the filtrate suspended solids was mostly 


71.9 per 


of an inorganic nature. 

However, the Saran cloths produce 
a wetter filter cake, averaging 71.6 per 
cent moisture for November and De- 
cember, compared with 69.4 per cent 
for the first 10 months of the year with 
cotton This wetter filter cake 
requires some adjustments in the op- 
eration of the incinerators but no seri- 
ous difficulties were experienced. 


cloths. 


The use of carbide lime slurry in- 
stead of pebble quicklime was begun 


in April, 1954. The slurry as deliv- 
ered in a tank truck contained 25 to 
30 per cent solids averaging 68 to 72 
per cent CaO. Storage for 25,000 gal. 
was provided. 3,000 to 
5,000 gal. daily, fed through a dia- 
phragm slurry pump, adjustable for 
different feed. In the 8 
months of carbide lime slurry use in 
1954, 250 truck loads were received 


Usage was 


rates of 
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containing 901 tons of CaO at an av- 
erage delivered price of $12 per ton 
of CaO, compared with $17.87 for peb- 
ble quicklime per ton of available CaO 
content, a saving of approximately 
one-third, At this rate of saving, the 
slurry installation should pay for it- 
self in less than 144 years. The ecar- 
bide lime slurry appeared to be equally 
effective with quicklime and was easier 
to handle and feed. 

Daily filter cake production aver- 
aged 358 tons (114 tons dry solids) in 
1953. Daily production imereased in 
1954 to 387 tons (117 tons dry solids). 
The total quantity of wet filter cake 
was 123,566 and 141,330 
respectively, in 1953 and 1954, 
The original design anticipated an av- 
erage of 76 tons of dry solids would be 
removed daily. 


produced 


tons, 


of filter cake totaled 
123,384 tons (wet) during 1953 and 
138,528 (wet) during 1954. In 

of the reeord high tonnage incin- 

d, improved operation of the in- 
continued. An operating 
record was established by incinerator 
No. 4, which was in operation continu- 
ously without shutdown for 604 days 
‘om May 6, 1953 through December 
:1, 1954, and was expected to continue 

operation well into 1955. 


Incineration 


tons 


cinerators 


Vaintenance and Equipment Changes 


and rake 


chains, guide strips, sprockets 
were installed on 


required. Grit 


bushings 
} 
tne bar sereens as 


TABLE II. 
Item 
Operation 
Salaries 
Materials and supplies 
Power 
Miscellaneous 
1intenance 
» ilaries 
Materials and supplies 
Subtotal 


Total 


Per capita* 


Per m.g.d. 


‘BR 


EXTRACTS FROM OPERATION REPORTS 


sased on estimated tributary population. 
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washers Nos. 1, 4, 5 and 6 were over- 
hauled in 1953 and units Nos. 2, 3 and 
8 were overhauled the following year. 

Improved safety features were in- 
corporated into the plant facilities. 
Grating was installed near the top of 
the grit washers for easier inspection 
during operation. Guard railing was 
placed around the overhead counter- 
weights that balance the float gates in 
the influent channels. Provision was 
made for the use of portable railing 
when the inspection doors of the grit 
chambers are opened. Safety treads 
were installed on some terrazo steps 
leading to the locker rooms. 

An electric vibrator installed 
on the bin in which Ferri-Floec is 
stored, to facilitate transfer. 


was 


Occasional breakage of the redwood 
sludge scraper flights continues, pri- 
marily at bolt holes. The main collec- 
tor chain in clarifier tank No. 3 was 
turned in 1950 and new attachment 
links installed. The chain in the floc- 
culators was turned in 1954, complet- 
ing the turning of all the collector 
chains. All tanks were dewatered and 
inspected. Repairs to rails, drive 
chains and shoes were made where nec- 
The ecross-collector chain in 
tank No. 1 was replaced in 1953 after 
15 years of service. 


essary. 


Several changes in piping were 


made to facilitate operation and clean- 
ing. The two original 6-in. sludge 


lines from the sludge concentration 


Summary of Operating and Maintenance Costs for 1953 and 1954 


1953 1954 


$403,098.76 
78,782.26 
32,897.89 
50,360.59 


$432,673.77 
82,564.15 
34,432.76 
55,199.82 


75,846.46 
32,216.50 
108,062.96 
673,202.46 
0.74 

13.50 


74,229.37 
40,381.44 
114,610.81 
719,481.31 
0.77 

14.20 
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TABLE I1I.—Surmmary of Operating Data, Minneapolis-Saint Paul Sanitary 
District, for the Years 1953 and 1954 
Average 
Item 1953 1954 
Rainfall (in.) 28.03 23.68 
Population, connected (est.) 914,000 932,000 
Equivalent population 1,240,000 1,360,000 
Sewage flow (m.g.d.). . 142.60 138.59 
Screenings (cu. ft./m.g.). . 0.8 1.1 
Grit removal: 
Amount (cu. ft./m.g.) 4.9 5.7 
Volatile solids (%) 7.7 10.2 
Dissolved oxygen (p.p.m.): 
Raw sewage 1.15 ).68 
Settled effluent 4.45 3.76 
Settling tank detention (hr.) 1.4 1.4 
B.O.D., 5-day: 
Raw sewage (p.p.m.) 
Settled effluent (p.p.m.).. 8 133 
Removal (%) 
Suspended solids: 
Raw sewage (p.p.m.) 
Settled efflue 1 PF p-m. ) 
Removal (‘ 
Settleable Bs 
Raw sewage (ml./1.) 
Settled effluent (ml./I.) 
Removal (%)... 
Volatile solids (%): 
Suspended, raw sewage 
Susp., settled effi 
Total, raw sewage 
Total, settled effi. 
Raw sludge: 
pH é 
Tot, il solids | (%).. 
Volatile solids ce 0) 
Thickened sludge: 
pH 
Total alkalinity |. p.m.) 
Total solids (% 
Volatile solids re b) 69.6 
Filter cake: 
Total solids (%). 31.9 
Volatile solids (%) 66.7 
Produced (wet tons/day)... 358.1 
Produced (dry tons/day). . 114.4 
Conditioning chemicals: 
CaO (Ib./100 Ib. dry sol.) 2.94 
FeCl,* (Ib./100 Ib. dry sol.) 1.14 
Sludge filter rate: 
Wet cake (Ib./sq. ft./hr.). 10.4 
Wet cake (Ib./sq. ft. filter area used 0.99 
Incineration: 
Combustibles (tons/day). . . 76.2 
Moisture evaporated per ton of combustibles 
(tons). . 3.3 
Ash produced (dry tons/day) 38.0 
Power (kw.-hr./ton dry sol.) . . 8.5 
Fuel oil (gal./ton dry sol.) 0.38 
Filter cake disposal, total: 
For fertilizer, total (dry tons) 56.5 
Incinerated (dry tons/day) 114.2 


* Ferric sulfate used, but calculated to equivalent ferric chloride. 
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tanks to the elevators were replaced 
with 8-in. pipe and cross-connected for 
greater flexibility and capacity. 

New steel wire screens were installed 
on filters Nos. 2, 3, 5, 7 and 8 in 1953, 
and on filters Nos. 1, 3, 4, 5, 7 and 8 in 
1954. The average life of the screens 
is approximately 16 months due to loss 
of metal during acid baths. Plastic 
coating is being tried to lengthen the 
life of the sereens. The wood strips 
on filter No. 6 were renailed with stain- 
steel nails. New wash water 
troughs were installed in filters Nos. 3, 
4 and 6. Repairs and replacements 
were made to bucket elevators, various 
belt conveyers and other sludge han- 
dling units or appurtenances. 

During 1954 the most extensive re- 
pairs since the plant was placed in op- 
eration in 1938 were started to incin- 
erators Nos. 1, 2 and 3. Several of the 
hearths were completely rebuilt from 
the steel shell or the wall brick. Ap- 
proximately 70 per cent of this work 
had been completed by the end of the 
year. During the two-year period re- 
ported herein, 11 rabble arms and 105 
teeth were replaced with either new or 
repaired material. 

High operating temperature, mois- 
ture and acid have caused excessive 
the dust precipitator. 
maintenance was neces- 
sary, but the need for complete re- 


less 


corrosion of 
Considerable 


CLOTHING 
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placement within the next few years 
is apparent. 

Several pumps of all types were 
completely overhauled. The planned 
preventive maintenance of equipment, 
especially motors, motor controls and 
relays has resulted in few emergency 
breakdowns. 


Laboratory 


Routine plant sample analyses ocecu- 
pied approximately 40 per cent of the 
laboratory staff’s time; routine river 
sample analyses, 14 per cent; collec- 
tion of river samples, 10 per cent; 
records and analysis of data, 9 per 
cent; special analyses, investigations 
and test of materials, 18 per cent; and 
maintenance of equipment, supervision 
and miscellaneous work, 9 per cent. 

A new 10-place B.O.D. bottle washer 
was built for the laboratory. 


Costs 


The operating and maintenance costs 
for 1953 and 1954 are summarized in 
Table II. 

Salaries account for approximately 
60 per cent of the costs. Rising costs 
of labor, supplies and utilities are re- 
flected in the increased cost of opera- 
tion. 

Table III is a summary of the plant 
operating data for the years 1953 and 
1954. 


CLOTHING FOR OPERATING PERSONNEL 


Beautiful landscaping, shiny, painted 
equipment and well-kept buildings pre- 
sent an attractive picture. Closer in- 
spection, however, may reveal person- 
nel who are sloppily dressed. If shirts 
are dirt and sweat stained, or trousers 
are grease covered, the personal ap- 
pearance of the employees cannot be 
good. Of course it is usually the ex- 
ception rather than the rule to find 
untidy employees at an otherwise im- 
maculate sewage treatment plant. Un- 
fortunately, many well-operated plants 


do neglect the appearance of the oper- 
ating personnel. As a result the good 
public relations of the plant are jeop- 
ardized. 

Clean, attractive and _ serviceable 
clothing for operating personnel will 
contribute much to operator morale 
and plant public relations. There are 
several approaches to the problem of 
clothing. 


1. Employees can be instructed to 
wear clean clothing subject to the in- 
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spection of the superintendent. This 
places a considerable burden on the 
employee to furnish sufficient changes 
of clothing and to keep them clean. A 
conglomeration of outfits may be worn, 
varying from coveralls to shirts and 
Furthermore, it places the 
superintendent in the position of hold- 


formal or 


trousers 


ing a informal dress review 
each day. 
‘> 


2. Uniforms can be furnished to 
‘ach employee by the treatment plant. 
This provides for standardization of 
dress and makes for an attractive, neat 
the 


large treatment facilities supply 


impression on visitor. Several 
uni 
forms for their personnel and find the 


results to be most gratifying. 


Selection of Clothing 


Whether the uniform is furnished 
by the employee or the treatment plant 
it should meet certain 
uniformity and construction. 


standards of 
It must 
be practical, fit the working conditions 
of the plant, be distinctive and popular 
with the men who wear it. 


VW ite rial 


Cotton material for uni- 
It stands up better and can be 
laundered cheaply and easily. A 
ton uniform will wear well for a long 
time and looks good for the leneth of 
its life. 
Colored 


or color fastness. 


is the best 
forms. 


Cot- 


should be tested 
A badly faded uni 
form has a depressing effect on em- 


uniforms 


4 


ploy ees and visitors. 


Closures 


Buttons 
mechanical closures in work garments 
Re- 


placement of buttons is easy and inex- 


are generally superior to 
They are cheaper and last longer. 


pensive, but replacement of mechanical 
closures like zippers is more difficult. 
Zippers may jam, causing considerable 
trouble Metal 
grippers sometime lose their grip, al- 


and embarrassment. 


INDUSTRIAL WASTES 


August, 1956 


though they are to be preferred to 
zippers. 


( ‘onstruction 


Uniforms should be of simple sturdy 
construction with full seams, well 
There should be no ‘‘fruit 
trim on a uniform as such 
trappings do not launder well and soon 
look and unattractive. Pleats 
are inappropriate. 


sewn. 
salad’’ 


worn 


For safety’s sake as well as appear- 
there 
dangling 
caught 


should be no loose or 
clothing to get 


Dangling cuffs 


ance 
piece of 


in equipment. 


catch on projections and cause bad falls. 
Long, 
} 
i 


neckties rank 
igh on the list of hazards. 


loose sleeves and 


Cleaning 


Dirt is an offender to a good appear- 
In addition to detracting from 
dirty clothing 
may also create a health and accident 
hazard. Contact with dirty clothing 
may cause skin irritation and derma- 
titis. Infectious bacteria can hitchhike 
right along to be on hand to compli- 
other minor 


ance, 


personal appearance, 


cate seratches and 


injuries. 


euts, 


Plant Laundry 


Adequate clothes washing facilities 
can frequently be supplied at moderate 
An 
automatic washer and drier located in 
or adjacent to the will 
provide a convenient method to keep 
clothing clean. 

These facilities are suitable whether 
the employee or the treatment plant 
furnishes the clothing. Hot water is 
readily available and detergents can 
be furnished by the plant as an item 
under cleaning supplies. 

One enterprising superintendent pur- 
ehased a good used washer and drier 
at a low price. The plant mechanic 
and electrician placed the equipment 
in first-class operating condition and 
maintained it in good working order. 


cost for the use of plant personnel. 


locker room 
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Frequently a local appliance dealer 
is glad to aid the program by furnish- 
ing laundry equipment at a moderate 
cost. The advertising value to the 
dealer can be mentioned in negotiating 
for the equipment. 


Commercial Laundry 


facilities are 
solution to the 
particularly when 
many uniformed employees 
and several points of operation. Pick- 
up and delivery service is on a depend- 
able schedule and each group of em- 
ployees knows when to expect soiled 
clothing to be picked up. 


Commercial laundry 
frequently the best 
laundry problem, 


there are 


Commercial laundering provides not 
only a clean uniform, but a pressed 
uniform ready for wear. Its use elimi- 
nates problems connected with a plant 
laundry, such as the use of the laundry 
equipment and the congregating of em- 
ployees. 


Industrial Laundries 


The majority of all work uniforms 
in use in American industry today are 
owned, cleaned, repaired and serviced 
laundries. Industrial 
laundries can relieve the sewage treat- 


by industrial 
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ment plant superintendent of the prob- 
lem of purchasing and maintaining the 
uniforms. 

Each employee is individually meas- 
ured for his own uniform. Several 
complete outfits are available for each 
employee. There is no capital outlay 
from sewage treatment plant funds, as 
the uniforms are owned by the laun- 
dry. Pick-up and delivery service is 
the same as for any commercial laun- 
dry. The entire operation is similar to 
that of towel and linen rental service. 

Cost of this is moderate, 
being only a weekly or monthly charge. 
It has attractions for both the large 
and small sewage treatment plant. 


service 


Conclusion 


Attractive, neat work clothing, uni- 
form in design and color, can aid ma- 
terially in promoting employee morale 
and good public relations. The pro- 
vision of clothing and adequate locker 
room facilities makes it possible for the 
employees to clean up after work and 
to leave the treatment plant present- 
ably clothed in street clothing. 

Just as nice clothing improves a 
woman’s morale, it will help make a 
man proud of himself and his job. 


TIPS AND QUIPS 


Thinkers and Doers * 


Two men sat down by a stream to eat 
their lunch. 


had washed 


Not far away, a bridge 
out where a footpath 
erossed the 

They 
ing the 
As he 


stream. 
.oticed a blind man approach- 
from the other 


bridge side. 


came near one of the men said, 


‘‘Tf that blind man doesn’t watch his 


step, he’ll fall 
came closer 
‘“‘There 
* National 
News Letter 


in.’’ The blind man 
The other man said, 
sure is going to be an accident 
Safety Council, Associations 
April-May, 1956. 


if that man keeps on walking.’’ The 
blind man reached the edge of the 
stream and, splash, he fell in. 

This little scene is enacted every day 
—a thousand times. Each day many 
people notice an unsafe condition or 
see an unsafe act committed, and do 
nothing about it. Personal injuries 
occur, not so much because the unsafe 
circumstances that lead up to eventual 
accidents are not recognized, but be- 
cause no one takes the initiative to 
correct the circumstances. 

Think and act for safety’s sake! 
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At the current rate, the sewer rental 
fee of Philadelphia (Pa.) averages 
about $0.035 per day for the average 
family of four. 


75-Year Guarantee 


Long life has been a selling point 
for vitrified clay sewer pipe for many 
Recently the Clay Sewer Pipe 
Columbus, Ohio,  an- 
nounced a guarantee on this pipe for 
three-quarters of a century. All clay 
pipe manufactured by Association 
members is guaranteed 
‘‘impairment of service, injury, or fail- 
ure which caused either by 
chemical decomposition or chemical 
disintegration.’’ The original 50-year 
guarantee was adopted 25 years ago 
when clay pipe, installed a half-cen- 
tury before, was still giving good serv- 
ice, 


years. 


Association, 


now against 


may be 


Boise 


To some readers of the Operator’s 


the name of a city 
the rocky reaches of 
Idaho. But to sewage treatment plant 
personnel in the Pacific Northwest and 
readers of ‘‘Sewage the 
letter from the Boise activated sludg« 
treatment facilities, Boise holds a spe- 


=r . 
Boise 18 


Corner, 
somewhere in 


, ee 
Tas, 


news- 


training ground for 
treatment plant operators and an acad- 


cial place as a 


emy for future supervisory personnel. 

Since the initial operation of the 
plant in 1950, nine 
left to accept positions of in 
ereased responsibility and better pay 
All except one have remained in the 
sewage treatment field; six are super- 
intendents, one a foreman and another 
a building inspector. The ninth man 
has elected to continue his studies in 


Boise operators 


have 


sanitary engineering. 
Paternal 
employees is manifested each year by 


interest in these former 
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the publication of an ‘‘ Alumni’”’ issue 
of the plant newsletter, featuring arti- 
cles by these men. The spirit of in- 
terest and encouragement in the pro- 
fession, as displayed by the operating 
staff, transcends the pay seale and 
sends men on to take advantage of the 
need for operating personnel in the 
Pacific Northwest. 

Other communities would do well to 
adopt a policy of offering encourage- 
ment to sewage treatment plant per- 
sonnel! 


Non-Skid Aluminum Tread Plate 


Slip-proof features are combined 
with the corrosion resistance of alumi- 
num in a non-skid abrasive aluminum 
tread plate. Manufactured by Aleoa, 
the plate is reported to provide sure 
footing even when covered with oil, 
erease or water. The non-skid feature 
is obtained from a fused aluminum 
abrasive oxide on one surface of the 
plate. 


Third Philadelphia Plant in Operation 


Philadelphia’s Southeast Sewage 
Treatment Works is the last of the 
three plants to be placed in operation 
under an $80-million program begun 
in 1946. 

Primary treatment is provided for a 
design flow of 136 m.g.d. and sludge is 
pumped 5 miles to the Southwest 
Works which was placed in service in 
December, 1954. The third plant is 
the Northwest Works, placed in oper- 
ation in 1951. It is the remodeled and 
enlarged original treatment works con- 
structed in 1912. 


How to Pack a Stuffing Box * 

1. Remove all old 
stuffing box. 

2. Clean box thoroughly, removing 
all accumulations. 


packing from 


* Johns-Manville, 22 E, 40th St., New York 
16, N. Y. 
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3. Keep packing clean to prevent 
scoring of shaft or wall by grit or 
foreign matter. 

4. Determine packing size by check- 
ing diameter of rod or shaft and inside 
diameter of stuffing box; thus making 
certain that the packing will fit and 
can compensate for shaft wear. 

5. Never wind packing into a stuf- 
fing box. Use it in ring form only. 

6. To make close fitting rings, cut 
the spiral or coil over a shaft or man- 
drel exactly the same size as the one 
on which the packing will be used. 
Use plain butt joints on braided pack- 
ings. 

7. To eut soft packing, apply a 
small piece of friction tape where it is 
to be cut. Remove tape before in- 
stalling rings. 

8. Install one ring at a time. 
should be staggered and kept 90° 
apart. A tamping tool is helpful. 

9. Another way to seat each ring is to 
place a taped split bushing over the 
shaft and, then, seat the ring with the 
gland follower. 

10. After installing packing, take up 
bolts evenly so the gland follower is 
square on the rod. 

11. Packing may bind if gland nuts 
are left too tight. Back them off until 
they are finger tight. 

12. Allow packing to leak slightly 
when starting newly packed pump. 
Take up gland slowly as packing seats. 

13. Provide means of lubricating 
rod and packing if possible. 

14. If stuffing box has lantern, make 
sure it will be directly underneath the 
opening in the box when the packing 
is taken up. 

15. Remove old packing when gland 
follower has compressed it to two- 


Joints 
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thirds the original volume. Then, it 
no longer lubricates and shaft may be 
scored. 


Historic Milestone 


Organization of the first permanent 
state health department in 1855 in 
Louisiana might well be considered the 
opening date in the era of modern 
health organization. The idea of state 
health organization spread rapidly, so 
that today all states have fully organ- 
ized health departments. 


Fire Prevention 


Although summer weather is not 
compatible with thoughts of winter 
winds, the days slip from the calendar 
with a steady regularity. Now, while 
weather conditions permit, is a good 
time to check your plant facilities to 
prevent fire The following 
timely suggestions are offered as a 
start: 


losses. 


Clean out debris. 

Watch outside fires when burning 
brush or trash. 

Clear out paint and oily rags ac- 
cumulated from the painting season. 

Check fuses, wiring and electrical 
equipment. 

Store flammable liquids in safe eon- 
tainers and in a fireproof storage area, 
or out-of-doors. 

Check stoves and heaters in prepara- 
tion for the coming heating season. Be 
particularly attentive to portable heat- 
ers and their use. 

Check pipes and chimneys. 

Complete general repairs, now! 


’56 Hatfield 


The 1956 Hatfield Award competition closes September 1 for 
those 17 Member Associations eligible to name a recipient this 
year. 





Federation Affairs 





LOS ANGELES MEETING PLANS NEAR 
COMPLETION 


Hot tatler, Los Angeles, Cali 

a, will be the headquarters for the 29th 

al Meeting of the Federation of Sew- 

+ and Industrial Wastes Associations to 
1956, This hotel, 

and convention a 
ill provide excellent facili 
Sessions, the 


] 
held October 8 ii 


th attractive room 
commodations, 
ties for the 

facturers’ exhibits 


environment by 


manu 
and enjoyment of the 
all who attend. The econ 
vention setting in glamorous Los Angeles 
will make it desirable to combine attend 
ance at the meetings with additional tims 
for relaxation and sightseeing either befor 
or after the meeting. Presentations on the 
ndustrial development and water problems 
of the United States will fur- 
attendance with new ideas 
technical information. 
members of the Host As 
California Sewage and h 
dustrial Wastes Association—have been at 
rk on final details for the meeting, which 
Federa 


It this section 
ish those iz 
ind additional 


Many local 


ociation—the 


mises to be one of the best in 


history. 


Local Committees 


Arrangements Committee, 
the general chairmanship of Mr. 
Arthur G. Pickett, Industrial Wastes Er 
gineer, Los Angeles County Sanitary Dis 
trict, San ino, California, is composed 
of the chairmen of the following subcom 
mittees : 


Li eal 


Coordinating 
gill. 

Registration Committee: N. F. Bravender. 

Hotel Arrangements Committee: H. Harve \ 
Hunt. 


Finance 


Committee: A. T. 


Winters- 


Committee: A. A. Appel. 

Entertainment Committee: K. A. Keirn. 

Ladies’ Entertainment Committee: F. 
Peirson and Sidney Preen. 

Publicity Committee: J. C. MeKee. 

Local Host Committee: R. T. Antrim. 

Trip Committee: R. D. Barg 

man and R. J. Barletta. 


Inspe ction 


Early Registration 


To help early arrivals avoid the Monday 
morning registration rush on October 8, 
the Registration Desk will be open in the 
second floor foyer of the Statler Hotel 
from 1 pm to 8 pm on Sunday, October 7. 
All who arrive during this period, or be- 
fore, are urged to take advantage of this 
opportunity to register early. 


Announcement to Membership 


The formal announcement 
ing was sent to all active 


of the meet- 
and corporate 
the constituent associations of 
the Federation in July. That announee- 
ment contains further details as to tech- 
eal and programs, registration, 
nanufaeturers’ exhibits, cost of the vari- 
us functions, and a reservation card for 
hotel accommodations. Room reservations 
for hotel accommodations should be made 
direetly with the headquarters hotel, Hotel 
Statler, 930 Wilshire Boulevard, An- 
el Anyone desiring ad- 


members of 


social 


Los 
les 17, California. 
ditional copies of the formal convention an- 
nouncement or hotel reservation cards may 
obtain them from the headquarters office 
of the Federation. 

Among the interesting features of the 
meeting program are two special breakfast 
meetings, one for laboratory personnel and 
the other for those interested in sewer 
maintenance. Scheduled this year as part 
of the meeting program is a symposium on 
problems of state water pollution control 
programs. The research forum introduced 
last year will be featured this year as a 
symposium. 

An inspection trip to the Hyperion sew- 
age treatment plant has been scheduled, 
and special trips to local industrial waste 
treatment facilities will be arranged as in- 
terest warrants. 

Finally, Southern California offers un- 
excelled opportunities for pre- or post- 
convention vacationing, including visits to 
Mexico and the Hawaiian Islands. 
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News and Notes 


Of Persons and Activities in the Field of Hydrowastes 





From Little Miami to Miami is the recent 
move of David Backmeyer, Superintend- 
ent of the Little Miami sewage treatment 
plant, Cincinnati, Ohio. He has accepted 
the position of Superintendent of the new 
high-rate activated sludge treatment facility 
at Miami, Fla. C. F. Wertz is Director 
of the Department of Water and Sewage, 
Miami. 


A. E 


anadian 


“Bert” Berry, Secretary of the 
Member Association and the 
Section AWWA, has assumed 
nother responsible position to add to his 

executive load as Direetor, Division of 

Sanitary Engineering, Ontario Department 

of Health. He is serving as General Man- 

and Chief Engineer of the recently 

1 Ontario Water Resources Com- 


inadian 


ager 
created 


mission. 


At the Dallas, Texas meeting, the Ameri- 
can Society of Civil Engineers presented 
one of its first Research Awards to Philip 
‘. Morgan, Sanitary Engineering Pro- 
University of Iowa, for his studies 
accelerated sludge digestion. 


New Jersey Director, Sol Seid, former 
Supervisor of Public Works, New Bruns- 
been appointed to the newly 
established post of Chief Engineer, Mid- 
County, N. J. Sewerage Authority. 


wick, has 
diesex 

Eugene Weisberg, formerly a graduate 
Rutgers University, is now Re- 


Associate in the Graduate School 
of Public Health, University of Pittsburgh. 


student at 


1 
searcn 


Karl R. Kennison (70), member of the 
New England Member Association, has re- 
tired Chief Engineer, New York City 
Water Board, in order to devote more time 
to his personal interests. 


Vice-President John Cunningham is 
recuperating nicely following an operation 
in recent months. However, his travel and 
activities may be restricted for sometime. 

Wayne A. Kivell has joined the sani- 
tary engineering staff of Gibbs & Hall, 
Ine., N. Y., following retirement after 33 
years as sales engineer with the Dorr- 
Oliver Co. 


Professor F. W. Gilcreas, University of 
Florida, spent several months in the Far 
East (Tokyo, Seoul, Taipeh, Macao, Hong 
Kong and Manila) as a consultant to WHO 
on the establishment of international stand- 
ards of water quality. 


B-I-F Industries, Ine., has announced the 
promotion of John R. Hartley to the posi- 
tion of General Manager of the Builders- 
Providence, Ine., Division. He has been 
Vice-President and Manager of Project 
Sales since 1949. 


Kenneth S. Watson, Consultant for the 
General Electric Co, on water management 
and waste control, has recently returned 
from Geneva, Switzerland, where he served 
as Engineer Advisor to the U. 8. Delega- 
tion to the 9th Meeting of the World 
Health Assembly. He is the first repre- 
sentative from industry to be chosen for 
this position. 


The ranks of the consulting engineers 
were strengthened when James H. Ste- 
phens, former Chief Sanitary Engineer, 
South Carolina State Board of Health, 
joined The Harwood Beebe Co., Spartan- 
burg, 8. C. 


Pomeroy and Associates announce the 
affiliation with their firm of Carl B. John- 
ston, formerly a staff engineer, Los An- 
geles Regional Water Pollution Control 
Board. 


Kaarlo Nasi, USPHS, has recently been 
assigned as Chief, Emergency Sanitation 
Division, Health Office, Federal Civil De- 
fense Administration, Battle Creek, Mich. 
Prior to this assignment, he was Assistant 
Chief, Water Supply and Water Pollution 
Control Branch, USPHS, Washington, 
D. C. 


W-K-M Manufacturing Co. has moved 
into a new $15 million home in Houston, 
Texas. This well-known manufacturer of 
valves was acquired by ACF Industries, 
Ine., in April, 1954. 


The Hawaiian Islands are due for a 
post-convention visit by several Federa- 
tion members, including President George 
Martin and Past-President Art Niles. 
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Continuous Measurement of Dissolved 
Oxygen in Water. By H. S. Levine, 
W. V. Warren, E. C. Tstvoatow, anp 
W. W. WaLKeErR. Anal. Chem., 28, 343 
(1956). 

The authors have developed an intrigu- 
ing device for the continuous indication or 
recording of the dissolved oxygen level in 
water. The measurement can be calibrated 
in per cent of saturation between zero and 
150 per cent. 

The sensing element may be defined as 
a volume of gas in equilibrium with the 
water which is pumped through the element 
continuously. The gas is recirculated and 
mixed with the water sample as the water 
The 


gas as con 


sucks the gas into a gravity aspirator. 
change in composition of the 
trolled by its contact with the sample is 
analyzed for its oxygen content by a 
thermo-conductivity unit. There is a source 
of oxygen to make up the gas volume as 
the sample reduces the pressure from dis- 
solving the oxygen. 

The dissolved oxygen is indicated by com 
position of the gas after contact with the 
water. 

A complete theoretical discussion of the 
sensing element is given. R. S. INGous 
New Colorimetric Method of Determi- 

nation of Dissolved Oxygen in Water. 

By R. L. Baskin. Elek. Stansii, 25, 16 

(1954). 

Dissolved oxygen may be determined in 
concentrations from 0.02 to 0.5 p.p.m. by 
reaction with leucoindigo carmine to form 
indigo carmine, the intense blue color of 
which is measured photometrically. 

500 mg. of finely ground indigo carmine 
is placed in a small beaker and mixed with 
5 ml. concentrated H,SO,, heated on a 
water bath until dissolved, then diluted 
with water to 1 |. and standardized by 
titration with 0.01 N. KMnO,. The oxygen 
titer should be .02 to .03 mg. per milliliter. 


To a measured volume of the acid solu- 
tion, 10 per cent NHg is added to give a 
final NHs coneentration of 0.2N. The 
ammoniacal solution, which is not stable 
more than 24 hr., is reduced as needed by 
adding it to a buret one-half full of zine 
amalgam. The reduction is reported to be 
rapid, and the solution is ready for use 
when the blue color of the indigo carmine 
changes to the yellow of the leuco base. 
(Abstractor’s note: Mixing may be neces- 
sary.) 

The water to be tested is collected in a 
completely filled, stoppered bottle. The 
required volume of leucoindigo carmine, 
caleulated as shown, is added, the sample is 
mixed and the color with 
standards. 

The standards consist of dilutions of the 
acid indigo solution, containing 
pierie acid to approximate the yellow color 
of the unreacted leuco compound. New 
standards must be prepared weekly. The 
volume of indigo carmine for each stand- 
ard is: 


is compared 


carmine 


ae. 
: 1,000 T 


where 


C is the oxygen concentration repre- 

sented by the standard; 

W is the final volume of the standard; 

T is the titer of the indigo carmine in 

milligrams of oxygen per milliliter. 

A stock solution of picric acid containing 
370 mg. per liter is prepared. The volume 
of this solution to be added to each 
standard is: 


yd (Cn — C)W 1 1 
r 1,000 02 * T 


where 


Cm is the oxygen concentration repre- 
sented by the highest standard of the 
series, 





* Please send to Federation headquarters all periodicals, bulletins, special reports, ete., 
which might be suitable for abstracting in THis JOURNAL. 





Publications of public health 


departments, stream pollution control agencies, research organizations, and educational insti- 


tutions are particularly desired. 


Address such material: Federation of Sewage and Industrial 


Wastes Assns., 4435 Wisconsin Ave., N. W., Washington 16, D. C. 
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0.02 is the weight of oxygen (mg.) 
equivalent to 1 ml. of the picric acid 
solution. 


The other symbols have the same signi- 
ficance as in the previous equation. 
The volume of color reagent to be added 
to each sample to be tested is then: 
: Cue. 


~ 1,000 T 


where W now represents the sample vol- 
ume in milliliters. 

The method is reported to be suitable at 
any pH below 10, and to be unaffected by 
temperature, nitrates, nitrites, sulfates, 
chlorides, phenol, iron, zine and ammonia, 
and small concentrations of sulfite. In 
the presence of sulfite, the color slowly 
fades, but the aceuracy is unaffected if the 
colors are read within one hour after de- 
velopme1 t. 
interferes, but its effect is elimi- 
adding 1 gm. of seignette salt 
(sodium potassium tartrate) to each 100 
ml. of the ammoniacal indigo carmine solu- 


M. C. Ranp 


Coppe 7 
nated by 


tion. 


Some Hydraulic Aspects of Sewerage 
and Sewage Disposal. By C. B. Town- 
SEND AND G. W. WiLkryson. Proc. Inst. 
Civil Eng. (Brit.), 4, Part III, 662 
(1955). 

The efficient operation of sewerage sys- 
tems and treatment plant depends on a 
sound application of a great variety of hy- 
draulic principles to ensure both the effeec- 
tive transport of solid particles and their 
separation from the liquid stream at vari- 
Cer- 
tain aspects of these operations are con- 
sidered representative examples of 
those aspects of the subject in which the 
engineering design would greatly benefit 
from the assistance of the specialist in 
The need for fur- 
ther research in this field is again empha- 
sized since less progress than might have 
been hoped for has, in facet, been achieved. 

Additional discussed are storm 
water runoff, sewer discharge formulae and 
the corresponding formulae for channels 
and pipes, the special hydraulie problems 
of handling sewage, and particular ap- 
purtenances such as sewer junctions, back- 
drop manholes and spillways. The 
sewage-treatment 


ous stages in the treatment process. 


and 


hydraulics are discussed. 


topics 


dis- 


eussion includes prob- 
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lems, in particular the control of velocities 
and levels, the distribution of flow and the 
sedimentation processes. 

Prerer C. G. Isaac 


Dewatering of Sewage Sludges by 
Vacuum Filtration. By B. R. 8. Jones 
ano §, H. Jenkins. Surveyor, 114, 923 
(1955). 

A condensation of the report of experi- 
mental work performed at the Yardley 
Sewage Works, Birmingham, Eng. Men- 
tion is made of a method of determining the 
“specific resistance” of sludges to vacuum 
or pressure filtration. Use of this parame- 
ter then permits good prediction of plant- 
seale results from small-seale experiments. 
Details of the method, however, are not 
presented. 

With raw sludge, lime was the most ef- 
fective of a number of coagulants tested. 
Yields up to 4 lb. of dry solids per square 
foot of filter per hour were realized with 
10 per cent addition of lime to the sludge. 
Digested sludge filtered poorly and had a 
high coagulant demand. After elutriation, 
results were improved, but were still in- 
ferior to those obtained with the raw 
sludge. M. C. Rann 


Sewage Disposal in a Rural District. By 
J.S. Hopkins. Jour. Inst. Munic. Eng. 
(Brit.), 81, 452 (1955). 

The current methods and need for future 
development of rural sewage disposal are 
presented. The tasks of such schemes are 
numerous but never large and this requires 
careful planning of maintenance work. 

Meriden R.D.C. is typical of a rural 
sewage disposal area. It has a population 
of 40,000 served by 21 disposal plants. 
Pail closet collection is the principle prob- 
lem, since there are 1,200 in the area, in- 
cluding schools, factories and similar places. 
Two vehicles are used to achieve a general 
weekly service, but labor and other difficul- 
ties often make this impossible. The only 
solution is a change over to waterborne 
systems. To promote this, grants of up to 
50 per cent of the conversion cost are made 
by the local authority. Difficulty is also ex- 
perienced in disposal of the collected waste ; 
at present most of the sludge is lagooned. 

Cesspool emptying is another essential 
service. This is handled by three vehicles 
at a subsidized rate of 7/6d. per hour. 
Residents are encouraged to make use of 





L066 SEWAGE AND 
the service which is operated by refuse col 
Full details of the control 
accounting of the system are given. 


lection 
and 
The 


nave pe rmanent 


crews. 


four large works 


attendants, the remainder 


sewage disposal 


are visited by a mobile crew of three men 
De- 
carried out by the cesspool 


A. WHETTON 


ith a full complement of equipment. 
sludging is 


machines, 


Taunton Sewerage and Sewage Disposal. 
By A. H. S. WATERS. 
Health, 75, 816 (1955). 
After 


treatment with 


Jour. Royal Soe. 
a brief historical survey of sewage 
particular reference to the 
Taunton 
volved 
seribed. 


works, the drainage problems in- 


and the solutions adopted are de- 
sritain which 
have had main sewerage for more than half 

century, with 
36,000 has grown by spreading outwards 


Like many towns in 


Taunton a population of 
from the center; as a result the sewers have 
been extended piecemeal and are now gen- 
erally heavily overloaded. The sewers are 
in a poor state of repair so that infiltration 
is high. Dry-weather flow is about 2.45 
m.g.d. (Imp.) although the combined sew 
peak flows of 40 mg.d. The 
Council has decided, however, that 
the replacement of the existing treatment 
works is the most urgent need. 
ing sewers will be used, intercepted at the 
old works, 


ers carry 
Town 


The exist 


and three miles of interceptors 
will be constructed to the new works. Ap 
proximately one mile east of the old works 
is the overflow to the 
Tone. 

The 


been 


storm-water River 


works has 


weather 


new treatment 
designed for a dry 
(d.w.f.) of 2.75 m.g.d. and, as is standard 
practice in Britain, will treat up to 3 times 
the d.w.f. The however, is un 
usual in that the effluent will be recirculated 
when the flow is less than 3 times the d.w.f. 
to bring it up to this amount. The plant 


sewace 


flow 


design, 


consists of rough screens, comminutors and 


grit channels followed by a storm-water 
venturi flume, 
water settling 
tanks all flows over 3 times the d.w.f. The 
flow then passes through one of three hori- 
zontal-flow tanks and after 
make up, if necessary, to 3 times the d.w.f., 
through 16 biological filters (at the rate of 
100 gal. eubie foot per day), and 8 final 
settling basins. 


Sludge from the settling tanks and storm 


overflow controlled by a 


which by-passes to storm 


sedimentation 
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water tanks is digested and dried on open 
beds; digester gas is used for heating the 
digesting external heater. 
Drainage from the drying beds and sludge 
from the final tanks is returned to the in- 
fluent. Scheduled for completion in 1957, 
the cost will be approximately $2,000,000. 
Perer C. G. Isaac 


sludge in an 


Clarification, Sedimentation, and Thick- 
ening Equipment—A Patent Review. 
By W. L. Barnam, J. L. MATHERNE AND 
A. G. Keuuer. Bull. No. 54, Eng. Exp. 
Station, Louisiana State University, Ba- 
ton Rouge, La. (1956). 

This is a review of various types of pri- 
mary and auxiliary devices which have been 
proposed and developed over the past 106 
years for the separation of finely divided 
suspensions into relatively clear overflow 
and thickened underflow. The three phases 
of floceulating, settling, and thickening as 
carried out in clarifiers, settling tanks, sepa- 
rators and thickening vessels are covered 
in an extensive survey of patent examina- 
tions. A historical background is pre- 
sented and 176 patents, pertinent to the 
subject, are illustrated and briefly deseribed 
in the order of the date of issuance. <A 
reference index of 360 patents is presented 
in the form of a bibliography. 

Howarp B. Brown 


Report of the Rivers Department, City 


of Manchester (Great Britain), for 

Year Ended March 31, 1955. 

This Rivers Committee 
marks the resumption of an annual report 
on the work of the Department, which in- 
cludes the City of Manchester, Mersey 
3oard, Manchester Ship Canal and 
Upper Mersey Navigation Commission. 

During the year the Rivers 
recommended a scheme for 


report by the 


River 


Committee 
the reconstrue- 
tion and extension of the sewage treatment 
works at acres of 
contact beds were cleaned and returned to 
service, with slight improvement in puri- 
fication. 


Davyhulme. Some 35 


The three activated sludge sys- 
treated about one-third the sewage 
flow, although the diffused air system has 
produced a satisfactory effluent only ocea- 
sionally, removing about 79 per cent of the 
B.O.D. of the settled sewage. The adjust- 
ments of the new “high intensity” cones in 
the Simplex plant were completed in May, 
1954, resulting in an effluent superior to the 


tems 
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bio-aeration (Sheffield) unit and the dif- 
fused air unit, with less power and a 
shorter period of aeration. Diffused air 
units have been converted to Dome type 
diffusers. An excessive amount of foam 
occurred in the diffused air units, which is 
to be suppressed by water spraying. 

Recruitment and retention of labor (some 
104 persons) continues to be a major prob- 
lem at Davyhulme. The mechanical clean- 
ing of settling tanks is being arranged. 

During the year, the sludge vessel made 
181 trips and handled 217,200 wet tons of 
sludge. The cost of sludge disposal for the 
year, including loan charges, was approxi- 
mately $1.00 per wet ton. The average 
flow at the Davyhulme Works is 69,748,000 
g.p.d. (Imp.) from a population of 834,- 
000, or 84 g.p.d. (Imp.) per eapita. 


Averaged Analyses, Davyhulme Works 


Effluent 


——- 
Sedimen-| 


tation , ontact 
| 
| 
| 


Nitrogen: 

Ammonium 

Albuminod } 6.6 

Cl. as chlorides | 367 
114.4 
223.7 


226 


23.6 
3.99 


25.5 
4.55 
354 
Oxygen absorbed* 74.4 
B. O. D 


Susp. solids 69.0 64.0 











* From N/80 permanganate in 4 hr. at 26.7C°. 


The average results of operation of the 
vated sludge plants at Davyhulme for 
year was as follows: 
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The average quality of “Simplex” effluent 
was better than last year, with a lower re- 
quired h.p. Less foaming was noted. 

The effluent of the entire Davyhulme 
Works averaged: 


Nitrogen, ammonia (p.p.m.) 
B. O. D. (p.p.m.) 79.4 
Susp. solids (p.p.m.) 50.0 
B. O. D. reduction (%) 65 


24.1 


LANGDON PEARSE 


A Process for the Treatment of Effiu- 
ents from Carbonisation Plants. By 
R. J. Barrirt, D. E. Cunnrineworts, 
AND E. R. Forur. Jour. Inst. San. Eng. 
(Brit.), 54, Part ITI, 169 (1955). 

This paper relates to effluents from coke 
ovens, chiefly from British practice. Three 
methods of recovery of ammonia are de- 
scribed, direct, semi-direet and indirect. 
An analysis of a spent liquor from an in- 
direct plant is given. 

The polluting effects may be manifest in 
high oxygen demand, toxicity, odors and 
taste. Phenols in drinking water occasion 
obnoxious tastes and odors. Possible meth- 
ods of treatment are described in detail. 
Work in South Wales is deseribed where 
the biological process is considered satis- 
factory. 

The: disposal of liquor by 


passing it 
through a washery is advantageous. 


Ex- 
periments on biological oxidation are out- 
lined. In conditioning the waste liquor, 
soil bacteria were found helpful. 
A comprehensive list of reference is sup- 
plied, and discussions by several members. 
LANGDON PEARSE 


Operating Results, Davyhulme, Eng., Year Ended March 31, 1955 


Bio-Aeration | 
y 


Data lant 


0.859 
12.9 
25.0 


Flow (m.g.d. [Imp. ]) 
Period (hr.) 
H. P. per mg. 
Effluent determinations: 
Nitrogen, ammonia 
(p.p.m.) 
3. O. D. (p.p.m.) 
Susp. solids (p.p.m.) 
B. O. D. reduction (%): 


Sewage 


23.9 


25.8 
24.0 


88.5 
84.6 


Settled sewage 








Diffused Air Plant 


Units 


| Simplex Plant |———— 











LOGS 


The Treatment of Gaseous and Liquid 
Effluents Attendant in the Manufac- 
ture of Viscose Cellulose Film, By C. 
R. Roperts AND H. T. Farrar. Jour. 
Royal Soc. Health, 76, 36 (1956). 

In this interesting paper the authors de- 
seribe the development of a liquid serub- 
bing process for the sulphur fumes from 
the regenerating bath and casting machine 
in the manufacture of viscose film at Bridge 
Hall Mills, Bury, Laneashire. In a week 
some 40,000 tons of gas are serubbed, the 
concentration of hydrogen sulphide being 
reduced from 250 to 5 p.p.m. Early ef- 
forts at serubbing consisted simply in 
spraying water on the fan blades; then 
chlorinated water was used but the result 
ing nuisance was even more objectionable. 
The first effective results were obtained 
with the “Manchester” in this a 
liquid medium was used in vertical steel 
The liquid contains ferrie oxide 
as an oxygen-carrier, the oxide being pre 


process, 
towers. 


pared by blowing air into a solution of fer 
and earbonate. In 
installation, a horizontal brick 
used, lined with asphalt and 
The serubber is 90 ft. 
square and consists of three 
chambers, with exhaust fans in tandem. In 
the first chamber the hydrogen sulfide is 
removed by a modification of the “Man 
chester” process, in the second a spray of 


rous sulfate sodium 
the latest 
serubber is 
roofed 


] , 
long by 8 ft. 


with steel. 


eaustic-soda solution removes traces of the 
and in the third a water 
removes entrained caustic-soda mist. 

The noxious liquid effluent from the gas 

acid waste 

regeneration The liquid effluent, 
after treatment, is discharged to the River 
This effluent amounts to 300 g.p.m. 
(Imp.), with an acidity of decinormal sul 
furie acid, and is neutralized by a batch 
process with precipitated calcium carbonate 
(a waste product from the soda-lime proc 


sulfide, spray 


serubbers joins the from the 


baths. 


Roche. 


ess for the manufacture of caustic soda) 
The sludge is, at present, discharged with 
the effluent. Peter C. G. Isaac 


Corrosion Resistant Materials in Plumb- 
ing and Drainage for Chemical Wastes. 
By R. T. Guterr. Jour. Inst. San. Eng. 
(Brit.), 235, 54, Part III, 202 (1955). 
This paper considers various problems in 

handling corrosive liquids, discusses suit- 

materials for ineluding 


able pipework, 
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copper, lead, stainless steel, east iron, ce- 
and Jointing materials 
are commented upon. A brief bibliography 
and diseussion follows. LANGDON PEARSE 


ramies plasties. 


By C. 
Civil 


Sanitary Engineering in Alaska. 
[. Sverting. Jour. Boston Soc. 
Eng., 42, 4, 345 (Oct., 1955). 

The author describes briefly the geog- 
raphy and the climate. Temperature ranges 
from — 56° to + 60° F., with an annual 
rainfall varying from 5 to 151 in., aecord- 
ing to locality. In 1950 the census popula- 
128,643. While sanitation needs 
are apparent, the effect on health is dif- 
ficult to appraise statistically. Enterie dis- 
eases are common. 


tion 


was 


Only six of the 34 water systems serving 
a population of more than 100 persons are 
satisfactory. The only water filtration 
plant is at Fairbanks, primarily for iron 
removal. Eighteen other supplies are chlo- 
rinated. 

Only fifteen communities have sewerage 
systems, and there are no sewage treatment 
plants. Industrial wastes are a problem, 
particularly from fish canneries and paper 
pulp mills. 

Governmental aid has been authorized 
for water supply and sewerage. However, 
there are only 28 incorporated municipali- 
Alaska and needed aid cannot be 
extended to many unincorporated com- 
munities, which lack the financial ability to 
underwrite their portion of the loan. 


ties in 


The problem of housing, water supply, 
sewage, and waste disposal is particularly 
critical in the low temperature areas known 
as the permafrost region, which makes up 
about 60 per cent of the total area of the 
territory, or 170,000 sq. mi. 

The author commends the research work 
conducted on the various Alaskan 
problems, and lists eight projects for fu- 
ture study. 


being 


Tabular data on water supply 
and a bibliography are appended. 


LANGDON PEARSE 


The Design of Sewerage and Sewage 


Disposal Works. By E. D. Gruss. 

Jour. Inst. Munic. Eng. (Brit.), 82, 102 

{ 1955). 

This essay briefly describes the standard 
methods of sewage disposal. 


P. COACKLEY 
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Fillmore, Calif. 
Sewage Plant 


Photo at Left 
Digester at 
Fillmore Plant 


* 


Varec Equipment helps Fillmore, Calif. 
meet its Sewage Problem 


Fillmore faced a common problem of 
many Southern California cities, — a 
booming population that over-taxed the 
sewage system. 

The solution was a compact, modern 
digester system that is efficient and attrac- 
tive. To protect this fine plant against fire 


and explosion, and regulate the volatile 
sewage gas for smooth operation, VAREC 
SEWAGE GAS CONTROL AND 
SAFETY DEVICES are on the job. 

Over 18 years of experience in control- 
ling sewage gases has made Varec one of 
the leaders in the field. 


Send for Varec Catalog S-3 


THE VAPOR RECOVERY SYSTEMS COMPANY 


2820 N. Alamed 


St., Compton, California 





Cable Address: Varec Compton California (U.$,A.) All Codes 


S-14 


Available from Authorized Sewage Equipment Agents throughout the U.S. and Canada 
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Proceedings of Member Associations 





NEW JERSEY SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


The 41st Annual Meeting of the New 
Jersey Sewage and Industrial Wastes 
Association was held at the Hotel 
Traymore, Atlantic City, N. J.,. March 
14-16, 1956. Approximately 392 mem- 


gneer, Jersey City Water Works. 
‘*Long Distance Sludge Pumping in 

Force Mains,’’ by E. T. Killam, Con- 

sulting Engineer, Short Hills. 

New 
Frazee, 

Treatment 


Camden 
Superin- 
Plant, 


**Starting 
Plant,’’ by 
tendent, 
Camden. 


up the 
John 
Sewage 


bers and guests were registered. 

The technical sessions were moder- 
ated by Andrew Palmer, Superin- 
tendent of the Plainfield, North Plain- 
field and Dunellen Joint Meeting Sew- 
age Disposal Plant; John Collom, Su- 
perintendent of Sewage Treatment 
Plant, Bordentown; and John Hood, 
Superintendent, Sewage Treatment 
Plant, Ridgewood. 

The following papers were given: 


‘*Pollution Control on a Water- 
shed,’’ by R. J. Budrick, Sanitary En- 


‘*Additions to 
Plant,’’ by G. 
tendent, Sewage 
Morristown. 


the Morristown 
E. Burke, Superin- 
Treatment Plant, 


‘*Grit Removal in Small Plants,’’ by 
C. S. Olsen, Dorr-Oliver, Inc., Stam- 
ford, Conn. 

**Control of Caleium Sulfate Super- 
saturation During Lime Neutraliza- 
tion,’’ by W. A. Parsons and H. E. 
Orford, Rutgers University. 


(Continued on page 322a) 





SNOW GATES 


for 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 

ALL SNOW GATES and Lifts are “ Parker- 
ized’’ for protection against rust and corro- 
sion. 








Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW GATES & VALVES 


2437 East 24th Street Los Angeles 54, Calif. 
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Better Aeration-Less Cost 
“g'===) for your plant! 





Eight aeration tanks at Lima, Ohio, re- 


habilitated with DIFFUSAIR equipment. WALKER PRQCESS 
Operating results show improved B.O.D. J 
reduction and air utilization. 


A. B. Anderson, Newark, N. J., Consulting Eng’r. 


Chas. H. Shook, Inc., Dayton, O., Gen. Cont'r. DIFFUS AIR 
E. E. Smith, Gen. Supt. of Water & Sewage. 


W. H. Jacobs, Chief Operator. 


Walker Process DIFFUSAIR aeration units eliminate many of the 
difficulties usually associated with the operation of aeration equip- 
ment. The short tube orifices of the DIFFUSAIR spargers are de- 
signed so that the high velocity of air acts to keep the unit clean. 
This simple and effective action eliminates the need for air filters 
resulting in a substantial saving in equipment costs. Further sav- 
ings are realized due to the virtual elimination of maintenance on 
DIFFUSAIR units. The self-cleaning spargers require no attention. 
Also, there is absolutely no back pressure build-up to hamper blower 
efficiency permitting full air utilization. At Lima, Ohio, old equip- 
ment required 1.0 to 2.0 cu. ft. of air per gallon of sewage treated. 
The installation of DIFFUSAIR equipment has aver- 
aged only 0.7 cu. ft. of air and B.O.D. reduction has 
been raised to 92%-94%. 


A Bulletin 22561, explaining complete de- 
tails of DIFFUSAIR equipment is available 
upon request. Write for your copy today! 


WALKER PROCESS EQUIPMENT INC. 


Factory—Engineering Offices—Laboratories 
Aurora, Illinois 
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“*The Assimilation Behavior of Cer- 
tain Toxie Organic Compounds in 
Natural Waters,’’ by A. B. Cherry, 
Sanitary Engineer, A. J. Gabaccia, 
Supervising Engineer, and H. W. 
Senn, Chemist, Industrial Wastes 
Treatment, Lederle Laboratories Divi- 
sion, American Cyanamid Co. 

‘Waste Treatment at the Ford Mo- 
tor Company Plant at Mahwah, New 
Jersey,’’ by E. R. Grich, Ford Motor 
Company, and President, Edward R. 
Grich, Ine. 

‘‘Carter-Edeo Sludge Concentra- 
tor,”’ by Edmund Smith, Ralph B. 
Carter Co., Hackensack. 

‘*Problems of Combined Water and 
Rentals,’’ by Val Edwards, 
Commissioner of Public Works, 
Bridgeton. ’’ 

*‘Sewerage Financing’’ by A. F. 
Haiback, Municipal Bond Analyst, 
B. J. Van Ingen & Co., Inc., N. Y. 

‘Program of the New Jersey State 
Department of Health for Solid 
Wastes Disposal,’’ by Robert S. Shaw, 


Sewage 





SterplatonS 


Chlorine Gas Control Equipment 
Visible Flow Indication 


Vacuum Solution Feed 
for: 
Water Works 
Sewage Treatment 


Industrial Plants 


Swimming Pools 
eke KE * 


Anyone can install 
Easy to operate 


Low Maintenance 
Costs 


EVERSON MFG. CORP. 
207 W. Huron St. Chicago 10, Ill. 











and John Zemlansky, New 
State Department of Health. 
‘Application of the Catalytic Re- 
duction Process,’’ by T. H. Forrest, 
Chicago Pump Co., Chicago, Il. 


Jersey 


At the Operators’ Breakfast a sym- 
posium on digester control was mod- 
erated by Louis J. Fontenelli, Super- 
vising Engineer, Rahway Valley Sew- 
erage Authority. 

The Arthur Sidney Bedell Award 
was presented to Henry Van Der Vliet, 
Superintendent, Joint Meeting, Ruth- 
erford, East Rutherford and Carlsbad, 
by David B. Lee, immediate Past- 
President of the Federation. 

At the business meeting excellent 
reports were received from the vari- 
ous committees, including in particu- 
lar the Legislative Committee, the Ar- 
rangements Committee for the 1955 
Annual Meeting of the Federation, and 
the Nominating Committee. 

The following officers were elected: 


President: John Collom, Bordentown. 
Ist Vice-President: Andrew Palmer, 
Dunellen. 
2nd Vice-President: 
rick, Boonton. 
Secretary-Treasurer: M. S&S. 
orsky, Manville. 
M. 8S. Kacnorsky, 
Secretary-Treasurer 


Robert J. Bud- 


Kach- 


LOUISIANA CONFERENCE 
ON WATER SUPPLY 
AND SEWERAGE 


The 1956 Annual Meeting of the 
Louisiana Conference on Water Sup- 
ply and Sewerage was held in con- 
junction with the 19th Annual Short 
Course for Superintendents and Op- 
erators of Water and Sewerage Sys- 
tems at Louisiana State University, 
Baton Rouge, La., March 14-16, 1956. 
Total registration for the meeting and 
short course was 142. 

Among the papers of interest to 
sewage works personnel were the fol- 
lowing: 


(Continued on page 325a) 
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OILFILTER Pe 


versatility... 


at 
Williamsport, 
Penna. 


COILFILTER versatility is dem- 

onstrated at the two Williamsport, West Plant: Design conditions; Domestic population 10,000. 
Pennsylvania, sewage treatment Average Daily Flow 0.8 MGD. Maximum Daily Flow 1.6 MGD. Two 
plants, where a total of four 150 Sq. Ft. COILFILTERS. 
COILFILTER units are success- 

fully dewatering sludge of widely 

divergent characteristics. 


The West Plant dewaters a daily 
average of 9300 pounds of raw 
sludge, of which 85% to 90% is 
waste tannery solids, using two 

150 Sq. Ft. Coilfilters. The product 


is then incinerated. 


The Central Plant is a primary 
treatment plant with digestion and 
elutriation of the sludge prior to 
dewatering on two 100 Sq. Ft. 
COILFILTERS. The product is 
either dried or incinerated. 


Engineers: 
The Chester Engineers 


Pittsburgh, Penna. Central Plant: Design Conditions; Population 60,000. Average 
Daily Flow 5.15 MGD. Maximum Daily Flow 10 MGD. Two 100 Sq. Ft. 
COILFILTERS. 


Write for Bulletin No. 104 





ghout the U.S. A. 


KOMLINE-SANDERSON ENGINEERING CORPORATION 
Peapack, New Jersey 


MANUFACTURERS OF COILFILTER SLUDGE VACUUM FILTERS 
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Equipment and Supply Lines 





Chempumps—New Model § series 
seal-less centrifugal pumps for special 
or corrosive liquids service feature im- 
provements and lower costs.—Chem- 
pump Corp., 1300 East Mermaid Lane, 
Philadelphia 18, Pa. 

Pneumatic Control—A compact, 
easily installed and serviced pneu- 
matic control unit for liquid flow and 
pressure control systems is described 
in Bulletin 285-M30.—Builders-Provi- 
dence, Inc., 345 Harris Ave., 
dence, R. I. 

Strip-Chart Recorders—New bulle- 
tin describes 6-in. strip-chart record- 
ers for recording pressure, liquid level, 
temperature, 


Bristol 


Provi 


flow and mechanical mo- 
tion. Co., Waterbury 20, 
Conn. 

Industrial Rubber Products 
trated bulletin 
rubber products. Included are hoses, 
belts, lining and friction materials. 
Thermoid Co., Trenton, N. J. 

Turbo-Blowers—Bulletin No. 142—-B 
presents data on turbo-blowers in sizes 
up to 250 h p. for all types of aeration 
Spencer Turbine Co., Hartford, 


Illus- 


deseribes industrial 


jobs.- 
Conn. 

Valves—Bulletin 5403 
gate, check and other valve products 
for water works which find applica- 
tion in sewage works.—Darling Valve 
& Manufacturing Co., Williamsport, 
Pa 

Instrumentation Index — Bulletin 
100—-D is an index of instrumentation 
literature by industry and 
product. It covers catalogs, bulletins, 
specification data sheets 
you M—H 
will this index 
Minneapolis-Honeywell Regulator Co., 
Wayne and Windrim Aves., Philadel 
phia 44, Pa. 

Sewer Lining—A continuous plastic 
lining, T-Lock Amer-Plate, 1 
described in a new brochure. The 
back of the polymer vinyl resin sheets 
have T-shaped ribs which assure me- 


deseribes 


subject, 


sheets. and 


articles. If have instru- 


ments you want 


sewer 


chanical locking of liner to the con- 
crete sewer pipe when the pipe is 
poured.—Amercoat Corp., 4809 Fire- 
stone Blvd., South Gate, Calif. 

Butterfly Valves — Tight-closing, 
rubber-seated butterfly valves are the 
subject of Bulletin 650-L1B.—Build- 
ers-Providence, Inc., 345 Harris Ave., 
Providence, R. I. 

Dust Collectors—Elimination of 
waste and more effective operating con- 
ditions by the control of dust are the 
subjects of Bulletin 70—Gl—Omega 
Machine Co., 345 Harris Ave., Provi- 
dence, a 

Digester Sludge Heater—Applica- 
tion, construction and operation of the 
HeatX digester sludge heater are de- 
scribed in the 20-page Bulletin No. 
24882—Walker Process Equipment 
Co., 840 N. Russell St., Aurora, II. 

Flow Meters—Bulletin No. 806 
gives detailed data on new small-size 
receivers and draft, pressure and tem- 
perature gauges. 
reported to give 


The new gauges are 
excellent readability 
and accuracy with a scale measuring 
only 5 in. high. read all 
standard draft and may be 
mounted singly or in groups.—Repub- 
lic Flow Meters Co., 2240 Diversey 
Parkway, Chicago 47, Ill. 

Pressure Operated Pump Control 
Bulletin RS—3 deseribes an improved 
pressure operated pump control fea- 
turing synchronous 


Gauges 


ranges 


motor-type time 


delay and a purged air system for op- 
erating one or more pumps.—Healy- 


Ruff Co., 2255 University 
Paul 14, Minn. 

Aluminum Pipe— New  18-page 
booklet presents complete data on the 
use of aluminum pipe and fittings — 
Aluminum Company of America, 770 
Aleoa Bldg., Pittsburgh 19, Pa. 

Diaphragm Chemical Pumps—Bul- 
letin 1201 describes heavy duty, multi- 
pump for feeding chemical 
solutions.—B-I-—F Industries, Inc., 345 
Harris Ave., Providence, R. I. 


Ave., St. 


purpose 
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‘*Safety Practices,’’ by G. I. Cam- 
bre, Associate Professor of Mechanical 
Engineering, Louisiana State Univer- 
sity. 

‘‘Cross Connections and Back Si- 
phonage,’’ by F. W. McDonald, As- 
sociate Professor of Civil Engineering, 
Tulane University. 

‘*Individual Waste Disposal Facili- 
ties,’’ by C. E. Bishop, Regional En- 
gineer, Louisiana State Health Dept. 

‘‘Mundamentals of Sewage Treat- 
ment,’’ by Thomas M. Love, Professor 
of Hydraulic Engineering, Louisiana 
State University. 

‘‘Operation of Primary Treatment 
Facilities,’’ by Ben §S. Graves, Jr., 
Supervisor of Waste Disposal, Shell 
Oil Company, Norco. 

‘*Operation of Secondard Treatment 
Facilities,’’ by William Hood, Public 
Health Engineer, Louisiana State 
Health Department. 

‘‘Sewage Treatment Plant Control 
Tests,’’ by J. B. Baudoin and J: E. 
Nugent, Chief Operator and Chemist, 
respectively, Sewage Treatment Plant, 
Lafayette. 

‘Sewage Oxidation Ponds,’’ by 
James F. Coerver, Regional Engineer, 
Louisiana State Department of Health. 

‘*Preventive Maintenance of Pumps 
and other Equipment,’’ by George F. 
Matthes, Professor of Mechanical En- 
gineering, Louisiana State University. 


A round table discussion of sewer- 
age problems was also a feature of 
the conference. 

At the annual conference banquet, 
George W. Martin, Federation Presi- 
dent, represented the Federation. 

Officers elected were: 


Chairman: Leo Bankston, Baton 
Rouge. 

Vice-Chairman: A. A. Hirsch, Shreve- 
port. 

Secretary-Treasurer: G. H. West, Lake 
Charles. 


GeEoRGE H. WEst, 
Secretary-Treasurer 


Since 1885 











Hundreds of GRUENDLER 


SEWAGE SHREDDERS 


including 
GARBAGE GRINDERS 


installed in Cities in 
the United States 


SEE the performance of the 
GRUENDLER SEWAGE SHREDDER 


in a City, near yours— 
(Locations mailed on request) 


View of twin Sewage Shredder Installation 


Gruendler patented Sewage Screening 
Shredders are nationally recognized by 
public sewage works for their efficient 
method of disintegration of wastes in- 
cluding rag stock, for uninterrupted flow. 


NOW Sewage Wastes, of 10% rag stock 
content, can be thoroughly disintegrated for 
even sewage flow... No Clogging . . . Less 
power ... No costly maintenance. 





Flow control through wastes disintegration 


CATALOG—S.G. !0 mailed without obligation, 
containing diagrams for installation, types and 
sizes of Sewage Shredders, Garbage Grinders, Dry 
Sludge Shredders, Refuse & Compost Grinders. 


GRUENDLER 


CRUSHER & PULVERIZER CO. 
2915 N. Market Dept. siws St. Louis 6, Mo. 











326a SEWAGE AND INDUSTRIAL WASTES 





DIRECTORY OF ENGINEERS 


(Continued through page 331a) 








ALBRIGHT & FRIEL, INC. 
CONSULTING ENGINEERS 


Water, Sewage, Industrial Wastes and Incineration Problems 
City Planning, Highways, Bridges and Airports 
Jams, Flood Control, Industria! Buildings 
Investigations, Reports, Appraisals and Rates 
Laboratory for Chemical & Bacteriological Analyses 
Complete Service on Design and Supervision of Construction 
THREE PENN CENTER PLAZA 
PHILADELPHIA 2, PENNSYLVANIA 


ALVORD, BURDICK & HOWSON 
Engineers 
Charles R, Burdick Louis R. Howson 
Donald H. Maxwell 


Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civic Opera Bullding Chicago 








Y 
ANDERS@N-NICHOLS 
— Geapeny 


Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 
Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges. 


Concord, N. H. Boston 14 Baltimore, Md. 


JOHN J. BAFFA 
Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 

Investigations & Rate Studies 


75 West Street New York 6, N. Y. 








MICHAEL BAKER, JR., Inc. 
Consulting Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers —Airport Design—Sewage Disposal 
Systems —Water Worka Design and Operation—Surveys 
and Maps—City Planning— Highway Dengn—Construc- 
tion Surveye—Pipe Line Surveys 
Home Office: Rochester, Pa. 
Branch Offices: Jackson, Miss. Harrisburg, Pa. 





BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies 
Sewer Systems 


Water Treatment 
Sewage Treatment 
Industrial Waste Treatment 

Investigations 


P. O. Box 67 Crystal Lake, Iilinols 








THOMAS W. BEAK 
Consulting Biologist 


Pollution Studies 

Stream and Lake Surveys 
Toxicity Tests 

Biological and Chemical Analyses 


4 Hamilton St., Hawkesbury, Ontario, Canada 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 

Industrial Water 
Analysis Design 
Investigations Operation 


Gillingham & Worth Sts. Philadelphia 24, Pa. 








BLACK & VEATCH 
Consulting Engineers 
Sewage - Water - Electricity - Industry 


Reports, Design, Supervision 
of Construction, Investigations, 
Valuation and Rates 


4706 Broadway Kansas City 2, Mo. 











BOGERT AND CHILDS 
Consulting Engineers 
CLinton L. Bocert Fkrep 8S. CHILDS 
IvaAN L. BoGERT DoNAaLD M. DITMARS 
Ropert A. LINCOLN CHARLES A. MANGANARO 
WILLIAM MARTIN 

Water & Sewage Works 
Drainage Flood Control 
Highways and Bridges Airfields 


145 East 32nd Street, New York 16, N. Y. 


Refuse Disposal 





Take advantage of the services of these outstanding consultants! 








SEWAGE AND INDUSTRIAL WASTES 





Engineers 
Sewage and Water Works—Industrial 
Wastes—Refuse Disposal—Municipal 
Projects—Ind ustrial Buildings—Reports— 
Piane—Bpecifications—Supervision of 
Construction and Operation— 
Valuations—Laboratory Service 


75 West Street New York 6, N. Y. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 








BROWN AND CALDWELL 
CIVIL AND CHEMICAL ENGINEERS 
WATER - SEWAGE - INDUSTRIAL WASTE 


CONSULTATION - DESIGN - OPERATION 
CHEMICAL AND BACTERIOLOGICAL LABORATORIES 


66 MINT STREET SAN FRANCISCO 3 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
Specializing in Sewerage and Sewage Disposal, 


Water Supply and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. ¥. 








BURGESS & NIPLE 
Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Engineers - Architects - Consultants 


KANSAS CITY, MO. 
P.O. Box 7088 


Phone: DElmar 3-4375 








CAMP, DRESSER and McKEE 
Consulting Engineers 


Water Works and Water Treatment 
Sewerage and Sewage Treatment 
Municipal and Industrial Wastes 

Investigations and Reports 
Design and Supervision 
Research and Development 
Flood Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 








THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates—-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 











CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—F lood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill, 








CONSULTING BIOLOGISTS 
c 


Thomas Dolan harles B. Wurtz 
Freshwater and Marine Pollution Surveys 
Biological Surveys of Sewage and 
Industrial Wastes 
Effects of Pollution 
Self-Purification Capacity Studies 
Analyses, Chemical and Bacteriological 
Bioassays 
Investigations and Reports 

706 Commercial Trust Bldg. 
Philadelphia 2, Pa. 





It pays to secure competent and experienced engineering advice! 
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Damon & Foster 


Consulting Ctetl Engineers and 
Swurceyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bldg. 
New York: 27 William St. 








DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 
Investigations Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive Chicago 6 


505 Colorado Bldg. Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 








CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N_J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE, INC. 


ENGINEERS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 


Port and Terminal Works—Industrial Bldgs. 


BOSTON, MASSACHUSETTS 








FINKBEINER, PETTIS & STROUT 


Carterton 8. Fivxserver Cuarves E. Perris 
Haroup K. Srrovut 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE & NICHOLS 

FORT WORTH, TEXAS 

FREESE, NICHOLS & TURNER 
HOUSTON, TEXAS 


Industrial and Municipal Engineering— 
Water Supply and Purification—Sewerage 
and Industrial Waste Treatment—High- 
ways and  Structures—Dams—Drainage 
W orks—Airports—Investigations—Valua 
tion—Design and Supervision 








FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 
Water Supply; Sewerage; Structures; 
Drainage ; Foundations 
Industrial Waste Disposal 
Investigations; Reports; Plans and 
Specifications; Supervision 


816 Howard Avenue New Orleans 12, La. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment 











EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—Water Supply and 
Purification Plants; Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missouri 








GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 





Take advantage of the services 


of these outstanding consultants! 
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GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and pha 


607 Washington S$ 
New York READING, ras "Washington 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 








GREELEY & HANSEN 
Engineers 
nuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
pas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
“lood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water—Sewage & Industrial Wastes—Hydraulics 
Reports, Design, Supervision of Construction 
Appraisals, Valuations, Rate Studies 


1009 Baltimore Ave. Kansas City 5, Mo. 








HAVENS AND EMERSON 
W. L. Havens A. A. Burger 
J. W. Avery H. H. Moseley 
F. 8S. Palocsay E. 8S. Ordway 
F. C. Tolles, Consultant 
Consulting Engineers 
Water, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bldg. Woolworth Bidg. 
Cleveland 14, O. New York 7, N. Y. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuarp Hazen Avrrep W. Sawren 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


122 East 42nd Street New York 17, N. Y¥. 








HENNINGSON, DURHAM 
& RICHARDSON, INC. 


Consulting Engineers and Architects since 1917 
for more than 700 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage, Industrial Works 


2962 Harney St. Omaha 2, Nebraska 








HORNER & SHIFRIN 


Consulting Engineers 
Ww. W. a E. E. Bioss 
V. C. LiscHer 
Airports — senna Engineering — 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 
—~ Reports 
Shell Building, St. Louis 3, Missour! 








JONES, HENRY & WILLIAMS 
Consulting Sanitary Engineers 
Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 





KAIGHIN AND HUGHES 
ENGINEERS 
INDUSTRIAL WASTES DIVISION 
E. B. BesseLizvre, MGR 
STUDY - DESIGN - EQUIPMENT - CONSTRUCTION 
1080 Atlantic Ave. Toledo 1, Ohio 











KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
Water Supply and Purification, Sewerage and 
Sewage Treatment, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 








ENGINEERING orn. OF 
CLYDE C. KENNED 
~ eo 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 





It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer- 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


KOEBIG AND KOEBIG 
Consulting Engineers Since 1910 


Investigations, Reports, 
Designs and Appraisals 
Sewerage & Sewage Treatment 
Water Supply & Water Treatment 
Municipal Engineering 
Industrial Buildings 


3242 West 8th Street, Los Angeles 5, Calif. 








Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS, Inc. 
Consulting Engineers 
Water Supply Sewage Treatment 
Industrial Waste Treatment 


BROAD STREET TRUST BUILDING 
GLENSIDE, PA. 








METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 
Laboratory Valuations 
Airports 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

600 Fifth Ave., New York 36, N. Y. 








PARSONS, BRINCKERHOFF 
HALL & MACDONALD 
G. Gale Dixon, Associate 
Wellington Donaldson, Staff Consultant 


Water, Sewage, Drainage and 
Industrial Waste Problems. 





Structures - Power — Transportation 


51 Broadway New York 6, N.Y. 


E. C. PATTEE 
Consulting Chemical Engineer 


Industrial Waste Disposal 


Process Development, Surveys & Design 


Provident Bank Bldg., Cincinnati 2, Ohio 








PIATT AND DAVIS 
WM. M. PIATT P, D. DAVIS 
Ci lting, Designing, and Supervising Engineers 





Water Works, Sanitary Sewers, Water Purification 
Sewage Treatment, Public Buildings, Streeta 
Power Plants, Electrica! Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, WN. C. 


MALCOLM PIRNIE ENGINEERS 
Civil and Sanitary Engineers 
Maicolm Pirnie Ernest W. Whitlock 
Robert D. Mitchell Carl A. Arenander 
Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 
2 West 43rd Street New York 3%, N.Y. 











LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age or 4 Industrial Wastes; Investigations 
Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 








THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 B. 149th Se. New York 55, N.Y. 





Take advantage of the services 


of these outstanding consultants! 








SEWAGE AND INDUSTRIAL WASTES 





RIPPLE AND HOWE, Inc. 
Consulting Engineers 
O. J. Rieete V. A. VasEEN B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 
833-35 Twenty-Third St. Denver 5, Colorado 


RUSSELL AND AXON 


Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louls 2, Mo. Daytona Beach, Fla. 








SMITH and GILLESPIE 


Consulting Engineers 


All ty: ypes of 
Muni be lic Works & 
tilities 


esau Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY 
ENGINEERING COMPANY 


Consulting Engineers 





327 S. LaSalle Street 
Chicage 4, Illinois 


Hershey Building 
Muscatine, lowa 








ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage— Waste Disposal 
Bridges—Highways—Industrial Buildings 
Studies—Surveys—Reports 


209 S. High St. Columbus 15, Ohio 


HENRY W. TAYLOR 


Consulting Engineer 
Water Supply, Sewerage 
Refuse Disposal, Incineration 


Industrial Developments 


151 W. Merrick Rd. Freeport, N.Y. 








J. STEPHEN WATKINS 
J. 8. Warxkins G. R. Watkins 
CONSULTING ENGINEERS 


Municipal and Industrial Engineering, Water 

Supply and Purification, Sewerage and Sewage 

Treatment, Highways and Structures, Reports, 

Investigations and Rate Structures. 

251 East High Street Lexington, Kentucky 
Branch Office 

4726 Preston Highway Louisville, Kentucky 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 








WESTON, ECKENFELDER AND ASSOCIATES 
Consultants 
Engineers-—Biol Chemists 


Industrial Wastes 
Stream Pollution—<Air Pollution 
Water—Sewage 
Surveys—Research— Development— Process 
Engineering—Operation Supervision—Anal- 
yses—Evaluations and Reports 


Newtown Square, Pa. Leonia, N. J. 








WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 











WHITMAN & HOWARD 
Engineers (Est. 1869) 

Sewerage, Sewage Disposal, Municipal and In- 

dustrial Development Problems, Water Supply, 

Water Purification, Water Front Improvements. 


Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 








WHITMAN, REQUARDT & ASSOCIATES 


Engineers—Consultants 


Civil — Sanitary — Structural 
Mechanical — Electrical 


Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 





It pays to secure competent and experienced engineering advice! 
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Charman Valve 
Chiingo Pump 
Clow, James B., amd 
Dor -Oliver Tingenpe 
Everson BE : 
Flea thle Ing 

vendler Ce 
Inerto! Oomp 
Inf'co Tae 
Korsline-Sande 
Lin't-Belt Com 
Lock: Joint Pipe 

apolis- 

Mee Boulget, 2 
Pactic Flush 
Simplex Valve. 
Snow Gates an 
United States. 
Vapor Recovery 
Walker Process pn 
Wallace ahd Tiernan In 


Raker, Michael, Jigs 
ter & Wo an 
k, Thomas Wy" =” 








NIZE. 
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CHLORINATORS 


MTLL Vengich Cmorinafor 
has setamoter indecator 
wilt 10 fo T feed range 


4-712 Y-avtch Chioringigr 
has teal indicates with 
20 te | teedvange 


Chiorinators: 

OPERATION iS SHAPLIFIED as one injectoi control 
stops the unit. Chlorine gas is turned on or off autorratically, 
SETTING FEED RATE 16 SIMPLIFIED as on: contre 
rate pregisely at both high or low feeds, ‘- 
INSTALLATION 16 SIMPLIFIED as units are shipped 


operation, No water supply is needed at the chirinator. 
injector uses only standard water supply fittings. 


MAQNTEMANCE If SIMPMFIED and virtually e 
ports ane Corrosion resistant, mounted in an attractive # 
For fuil details “on manual or automatic propo 








